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The SCHWR Study 


OME 40% of this issue of Nuclear Engineering has been 

devoted to a description of the design of a steam cooled 
heavy water moderated reactor for marine propulsion, an 
earlier version of which was submitted to the Galbraith 
committee, two years ago, by Vickers Nuclear Engineering, 
Ltd., the consortium of Rolls-Royce, Vickers and Foster 
Wheeler (Nuclear Engineering, June, 1959, p. 246). Since 
then the ideas incorporated in the first study have been 
expanded, experimental work has been conducted to 
evaluate them and the result is an elegant, tidy, compact 
proposal for a marine unit which comprises one of the most 
original reactors yet put forward. We use the term 
“original” rather than “advanced” advisedly, as it has 
not been the intention to make wild assumptions regarding 
development potential, nor is the practicability of the 
system dependent upon the development of exotic 
materials. No extravagant claims are made for its 
economics and no attempt is made to juggle the figures to 
prove that when such and such an operation has been 
completed, or some fundamental breakthrough in techno- 
logy made, this system will be the universal panacea for 
all power problems. 

We would not claim that it is necessarily the ultimate in 
nuclear marine units nor that it is the only system which 
might achieve competitive power in the reasonably near 
future. We would assert, however, that the ideas incorpora- 
ted and the long term potential should be given the oppor- 
tunity of proving themselves in practice. 

Soon, six months will have elapsed since the Ministry 
of Transport received the recommendations of its technical 
committee set up to evaluate the designs submitted by five 
companies in July last year. The requests to tender were 
deliberately restricted to demonstrated systems, although 
it was known at the time (or should have been, from the 


Meanwhile the U.K. AEA 


ERE is another aspect which merits study. The design 

is the product of a small group of engineers and 
physicists, working closely together, unhampered by admini- 
strative restrictions and with a clear responsibility for the 
job they have in hand. The elegance of the solutions to 
many of the engineering problems bears witness to the 
flexibility of thought and a willingness to go back to the 
beginning when one design decision has been found to 
create unreasonable difficulties elsewhere. Consider the 
innovations that are embodied: the wrap-round fuel ele- 
Ment, simple to make, simple to inspect, unrestricted in 
length; the dial cluster; the thermo-compressor circulator, 
traditionally impracticable because traditional thinking was 
false; hydraulic control, a simple but exciting departure 


many studies conducted all over the world) that major 
advances in technology were required before any of them 
could become competitive with conventional fuels in a 
marine context. The studies were required regardless of 
the fact that no one in this country had direct knowledge 
of water or organic systems, although a number of 
companies Overseas were committed to their long-term 
development for land-based applications. Should these 
developments lead to technological breakthroughs then, and 
only then, could the longer term marine implications be 
worked out. As we stated at the time the action of calling 
for these tenders could not advance nuclear marine techno- 
logy but could only introduce a further delaying factor. 
Delay, in fact, appears to be not an unfortunate result, so 
much as a deliberate policy. 

The Government now has before it the opportunity of 
breaking new ground, of missing out the first stage which 
they know to be abortive and investing in the future. It is 
not completely certain that the SCHWR will prove as 
attractive in practice as it does on paper (one must always 
be wary of the fact that new systems do tend to become 
less attractive as construction proceeds) but this is much 
more than a simple paper study based on a wide range of 
doubtful assumptions; there is an impressive accumulation 
of experimental evidence already available of the behaviour 
of the more critical components. What is important is that 
no hurdles of a fundamental nature appear to lie in the 
path of progress—except, of course, that of finance and 
organization. 

It is here that the Government must now give a definite 
lead and show whether it is prepared to encourage promis- 
ing developments in this country or whether we are to opt 
out of the marine propulsion field for (what might in 
practice become) a very long time indeed. 


from previous practice; the aluminium stainless-steel 
mechanical joints, almost indecently simple. These are the 
hallmarks of an effective “ team.” 

The contrast between this type of approach and that 
current in the Authority, where “team” tends to be inter- 
preted as a complex of committees, is evident. It should 
be noted in passing that the AEA has had on its books for 
the past two or three years a heavy water reactor with 
steam cooling, latterly referred to as the SGHWR as it was 
decided to try a design which produced steam from con- 
densate in the reactor core but, apart from regular state- 
ments that work is continuing and decisions will be 
announced soon, there is little evidence of any progress 
having been made. 
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The new Reactor Group has a tough task ahead of it 
to rekindle the spirit of enterprise and drive, and in the 
light of past experience, it is difficult to be optimistic and 
not to suspect that the same forces which followed the 
Fleck Committee’s report on Windscale are not again 
dominant in the reorganization. The interpretation of the 
Fleck recommendations was most unfortunate; instead of 
there being senior people appointed who could accept 
responsibilities, effectively delegate authority and whilst 
keeping control keep up the pressure on technological pro- 
gress, the result was wholesale promotions, the establish- 
ment of more committees, more administrative parapher- 
nalia. Initiative was stifled and it became primarily 
important to cover one’s tracks rather than pioneer new 
advances. Personal responsibility was replaced by com- 
mittee compromise, individual flair by the inertia of 
departments. 

There are many excellent people in the Reactor Grour 
capable of doing work of the highest class and of taking 
a leading position in reactor development but their oppor- 
tunity for exerting decisive control has steadily waned with 
the years. Many of the members of the Reactor Group 
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are conscious of this but are unable to find a way through 
“the system.” Parkinson, of course, had a law for it all. 

We know that the organization of a large group is diffi- 
cult, and we know also that there comes a point in any 
major project when a considerable weight of effort needs 
to be devoted to the evaluation of the finer points; the 
contract work, for example, takes a lot of time of a lot 
of people but this only means that it is even more important 
that conditions be created for ingenuity to have scope and 
tor originality to find expression. 

In the United Kingdom we have the civil Magnox 
reactors, based on Calder (which went into operation nearly 
five years ago), the Windscale AGR upon which we have 
already commented (Nuclear Engineering, April, 1961, 
p. 131). Beyond these, there is the HTGC—an international 
venture being promoted by a European team with great 
enthusiasm and the Dounreay fast reactor project getting 
deeper in the doldrums. How long is this to remain the 
extent of our forward programme? Is this an adequate 
raison d’étre for a Group employing a significant proportion 
of the Authority’s 39,000 people (the AEA refuses to dis- 
close the actual number)? 


Financing the Nationalized Industries 


N the White paper, The Financial and Economic Obliga- 
tions of the Nationalized Industries, presented to 
Parliament by the Chancellor of the Exchequer (Command 
1337) is reviewed the manner in which the general 
principles and, in particular, the economic and financial 
principles, which were established in the nationalizing 
statutes, have been applied in practice, and how these prin- 
ciples might for the future most appropriately be applied 
to the existing nationalized bodies. It makes clear that the 
review is not undertaken in any spirit of criticism of per- 
formance but from a wish to clarify the financial responsi- 
bilities of the nationalized industries in order to establish 
a firmer foundation for their future operation. From the 
point of view of nuclear engineering it is only the electri- 
city undertakings that are of concern and it is encouraging 
to note that in comparison with other national boards the 
records of the generating and supply authorities in terms of 
profitability and return on capital are amongst the most 
successful. Nevertheless it would be unwise to neglect the 
possibility that the generating boards may feel compelled to 
modify their present policies and that calculations of power 
costs may not be affected by changes in interest rates. 

Undoubtedly the electricity authorities have been paying 
their way and they have been able to set aside a consider- 

- able sum for future investments and development. They are 
in the fortunate position that obsolete plant can be replaced 
by new plant at a price usually below the original figure, not 
only in real money terms but in nominal terms; in other 
words the replacement cost differs little from the historic 
cost and may even be below it. This, however, is only pro- 
vided that an existing thermal plant is replaced by other 
thermal plant, but as nuclear energy takes over more and 
more of the generating capacity it will be necessary to 
replace the existing thermal plant by nuclear stations whose 
replacement cost will be significantly greater than the 
historic cost of the thermal stations. 

The White Paper takes note of the fact that over the 
past five or six years the rate of return on capital in private 
enterprise was around 15%, while the average for the 
nationalized industries was considerably less than 5%, with 
the electricity boards nearly 6%. It is concerned that by 

setting too low a rate of return, capital and demand will 





be artificially diverted into the nationalized industries 
creating a disproportionate market for the services. The 
Government however does recognize that the nationalized 
industries have a social function to perform as well as a 
purely economic one and it is not suggested that they 
should be required to produce the same return as private 
industry, or that this return should be the sole criterion 
of efficiency; but no very ciear indication is given as to 
how the balance is to be assessed. 

A more precise definition is given of the principles on 
which the nationalized undertakings should base their 
financial and economic operations. Surpluses on revenue 
account should be at least sufficient to cover a deficit on 
revenue account over a five year period, and provision 
should also be made from revenue for the excess of depre- 
ciation calculated on replacement cost over that calculated 
on historic cost and adequate allocations made to general 
reserves which will be available as a contribution towards 
capital development. In view of the electricity authority’s 
continuously expanding responsibilities it is this last 
provision that needs further clarification. It is clearly 
impracticable for all future construction to be financed 
from the Board’s own resources but any increase in the 
proportion could cause the boards to look more kindly on 
a low capital cost, high fuel cost suppiy than the high 
capital cost supply which nuclear energy will constitute 
for many years. The Government is attracted also by the 
arguments in favour of requiring nationalized bodies to 
raise money in the open market on their own credit, but 
there seems no possibility of an early move in this direction. 
Although the Exchequer then, will continue to finance the 
industries, they would expect capital employed to earn a 
higher rate of return than the cost of the money to the 
Exchequer. 

The net effect of the new policies on the nuciear engineer- 
ing industry is not easy to forecast, but it does seem 
probable that the present calculated value of 54% interest 
on capital may soon be too low with a consequent penalty 
to the natural uranium reactors. If the increase were to 
be material then the pressure to introduce enriched stations 
would be correspondingly higher and it is by no means 
clear that the AGR would be the only or the best answer. 
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World 


Digest 


international 


Over 100 experts from 13 countries and 
several international organizations and pro- 
jects took part in the ENEA-sponsored sym- 
posium on criticality control in chemical 
and metallurgical plant held at Karlsruhe at 
the beginning of May. Twenty-one papers 
covering criticality problems associated with 
the design and operation of fuel fabrication 
plant, reprocessing plant, conversion plant 
for enriched uranium and scrap recovery 
plant were presented. 
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budget, would be involved initially. 





Euratom May Join Power Projects 


MOVES are being made to get active Euratom participation in nuclear power 
station projects, in the first instance, in the Latina (SIMEA) and Garigliano (SENN) 
projects in Italy and the Chooz (SENA) joint French/Belgium project. The matter 
is being discussed by the recently formed scientific advisory committee to the 
Euratom Council and will have to be approved by the Commissioners before being 
realized. Opposition to Euratom participation in power projects has already been 
expressed by the Commissioners on previous occasions and there is little reason to 
believe they have changed their mind. It is proposed that the participation could take 
the form of fue! supply, manufacture of certain reactor components, fabrication of 
second core loading or the underwriting of differences between cost of nuclear and 
conventional power. A sum of $20 million, provisionally provided for in the 1961 








Increased representation on the IAEA 
board of governors from Africa and the 
Middle East is recommended. It is pro- 
posed that the number of places on the 
board is increased from 23 to 25 and that 
these extra places are allotted to the Africa 
and Middle East area. At present this area 
is represented by only two countries (South 
Africa and Iraq) and it is thought that it 
should have representation equal to that 
given to Latin America, which has four 
representatives on the board (Argentina, 
Brazil, El Salvador and Mexico). 


At California University the 103rd element 
has been discovered—at AWRE, Alder- 
maston, a new isotope of carbon has been 
found. The Americans created their element 
by bombarding a target of californium with 
BY’ and B' at energies of 70 MeV; the 
Aldermaston team, in conjunction with 
scientists from the Clarendon Laboratory, 
Oxford, by bombarding C'* with tritons at 
energies of up to 6MeV. Mass of 
Lawrencium, suggested name for the new 
element, is estimated at 257; of the carbon 
isotope 16. Half lives are 8 and 0-74 sec, 
respectively. Basically, two events of a 
similar nature; neither, however, with any 
likely practical application but both certainly 
a contribution to the greater understanding 
of the fundamental nature of matter. 


_ IAEA’s conference on nuclear electronics 
in Belgrade, May 15-20, was attended by 
Over 300 scientists from 17 countries. Over 
130 papers were presented, covering develop- 
ments and research work in the fields of 


radiation detection and measurement, elec- 
tronic circuitry and advanced electronic 
systems used in nuclear research. Con- 
current with the conference was a scientific 
exhibition supported by 10 countries. Earlier 
in the month the IAEA’s symposium at 
Vienna on the application and uses of 
tritium in the physical and biological sciences 
was equally successful, with over 270 parti- 
cipants from 23 countries and four inter- 
national organizations. 
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Further collaboration between Britain and 
the U.S.S.R. in the fields of fast reactor 
technology, isotope research and basic 
physics was discussed when a team of 
Soviet scientists and engineers, headed 
by Professor V. Emelyanov, chairman of 
the U.S.S.R. State Committee for Atomic 
Energy, visited the U.K., May 14-19. Our 
photograph shows Professor Emelyanov 
with Sir Roger Makins, AEA chairman, 
on his arrival at London Airport. 





Detailed plans for the Eurochemic repro- 
cessing plant at Mol, Belgium, have been 
submitted by the French company, Saint 
Gobain Nucléaire, and as soon as certain 
points arising from them have been cleared 
up construction work will start. Site pre- 
paration has now been going on for several 
months and the administrative block is 
already completed. Not surprisingly, since 
the project was first explored costs have 
increased. Negotiations are now under way 
as to how these increased costs will be 
shared between the participating countries 
and some decision is expected to be made at 
the meeting of directors scheduled for 
June 13. 


An interim scheme for the allocation of 
liability in nuclear accidents between the 
member countries of Euratom (Nuclear 
Engineering, Dec., 1960, p. 550) is proposed 
for use in the third party liability conven- 
tion. Under the convention Euratom is to 
indemnify the member countries for liability 
from OEEC’s $70 million to a maximum of 
$120 million. It was not at first immediately 
agreed upon as to how this indemnification 
should be split up between the countries. 
Germany proposed that the proportions 





Three U.K. University Reactors 





OFFICIAL approval has been given to the placing of three university reactors. 
Mr. Denzil Freeth, recently appointed Parliamentary Secretary for Science, announced 
in the House of Commons on May 9 that one reactor would be for Scotland, another 
in Lancashire and the third for London. He added that the Scottish unit would 
be sited at Glasgow. He could not, however, name the sites for the other two. 
Manchester and Liverpool have, of course, made known their intentions to site a reactor 
at Risley for some time now and there seems little reason for them to change these 
plans. In the case of London, however, there are competing proposals of different 
colleges to take into account and the technical committee established to examine 
the merits of these proposals has not yet announced any decision. From the point 
of view of reactor type and siting the Queen Mary College proposals would seem 
the most logical to select. Logic is not, however, a feature of the workings of 
the official mind and there is some irony in the fact that the faculty most certain 
to get a reactor at this stage is one with the least defined arrangements for its 
reception. Unlike the other universities Glasgow has not yet decided what reactor 
it will select (all the reactor selling companies believe they have sold it their particular 
model) and the university does not even have a department solely devoted to nuclear 
engineering. Work in this field is currently split between the departments for engineer- 
ing and natural philosophy. Now the university has been granted an Ordnance for 
setting up a chair of nuclear engineering, however, this omission is soon likely to 
be remedied. 
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should be calculated from an evaluation of 
the “ risk ” represented by the nuclear instal- 
lation in that country. France, however, 
suggested that the proportions should be 
based on national incomes and it is in fact 
on this basis that the scheme now presented 
to the Euratom Council has been drawn up. 
France will be responsible for 35%, Italy 
23%, Germany 20%, Belgium 7.9%, Holland 
6.9% and Luxembourg 0.2%. Unfortunately 
the total of these percentages leaves a figure 
of 7% unaccounted and how this will be 
met has yet to be resolved. 


United Kingdom 


An application for the removal of import 
duty on irradiated: fuel elements has been 
received by the Board of Trade from the 
AEA. Under existing customs and excise 
tariffs provision is made for the imposition 
of a 33-3% duty on elements imported from 
outside the Free Trade Area. From FTA 
countries the duty is 26%. At the moment 
the duty is temporarily suspended but it is 
obvious that the AEA in an effort to make 
their terms for the supply of fuel element 
to overseas countries more attractive, partic- 
ularly now that there is a possibility of 
Euratom entering the field of fuel fabrica- 
tion for such projects as the Latina station, 
wish to ensure the duty is not imposed. 


Sporadic occurrences of uranium on the 
Solway coast of Kirkcudbrightshire have 
been confirmed by the atomic energy divi- 
sion of the Geological Survey, a DSIR 
department. Overall content of the ore, 
however, does not warrant further investiga- 
tion. Exploration of the area was made at 
the request of the U.K.AEA and work 
started in January of this year. The 
uranium was found to occur over a distance 
of two miles, parallel to the coast, and at 
depths extending to 200 ft. 


Bradwell should be in full operation by 
mid-1962, the Minister of Power told the 
House of Commons on April 24. Total 
cost of construction of the station, including 
initial fuel loading, would be about 
£58 million. 





Dr. J. .M. Kay, professor of 
nuclear engineering at Imperial Col- 
lege of Science and Technology, 
London, since 1956, is joining the 
board of Tube Investments and on 
July 1 will take up duties as director 
of research and development. 


eis 


The three-man team from the AEA that 
recently visited the Australian AEC returned 
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BEAMA has set up a_ nuclear 
reactor section, the purpose of which 
is to canalize the interest of associa- 
tion members associated with the 
manufacture of plant and ancillary 
equipment for nuclear power genera- 
tion. It does, in fact, replace the 
nuclear energy committee which was 
established several years ago and at 
the same time put the interests of 
nuclear energy within the BEAMA 
organization on a footing similar to 
that enjoyed by other sectional inter- 
ests. Outside observers cannot help 
but note that the creation of the sec- 
tion coincides with the current FBI 
discussions on the possibility of form- 
ing a U.K. industrial atomic forum, 
discussions in which BEAMA itself 
is participating. Whether having a 
nuclear section as opposed to a 
nuclear committee gives the BEAMA 
more status in these talks is not clear. 
Members of the new section are AEI, 
English Electric, FGEC, Parsons and 
Babcock and Wilcox. Secretary is 
Mr. G. T. H. Spurling. 











to the U.K. very impressed with what they 
saw, according to Mr. R. M. C. Orford, 
commercial and overseas manager of the 
reactor group, one of the team. The pur- 
poses of their visit were to discuss progress 
made in the collaborative research pro- 
grammes and to report on AEC’s work. 
The team also visited the universities. Mr. 
Orford’s colleagues were Dr. H. Kronberger, 
deputy managing director (development) of 
the reactor group and Mr. L. Grainger, 
assistant director of Harwell. 


The Rutherford Laboratory of the National 
Institute for Research in Nuclear Science 
has taken over responsibility for the develop- 
ment of particle accelerators previously 
undertaken by the Accelerator Division of 
the AERE, Harwell. Mr. L. B. Mullet, 
head of the accelerator division, has joined 
the Rutherford Laboratory as assistant direc- 
tor for accelerator and applied physics. 
Other appropriate staff transfers have also 
taken place. 


Average thermal efficiency of power 
stations operated by the CEGB during 1960 
was 26°71%. In the previous year it was 
263%. Savings of nearly £3 million were 
made due to improved efficiency, according 
to the board. 


Instead of a reactor the National Physical 
Laboratory plans to buy a Van de Graaff 





Repair Work Proceeds on DFR 


Engineering modifications to the DFR necessary to prevent gas entrainment in the 
coolant are under way and the reactor is expected to be shortly operated at increased 


power levels. 


During the first physics experiments soon after the reactor was started 


up smail changes in reactivity were observed due to bubbles of nitrogen becoming 


entrained in the coolant when it passed through the core. 


Preliminary tests indicated 


that one source of trouble was the liquid metal expansion tanks above the primary 


circuits. 


A reduction in the level of liquid metal in these tanks was found to be 


allowing gas to pass down a pipe which was normally filled with liquid metal. Further 
experiments in the reactor and a water model showed other possible sources and during 
last summer’s shutdown the opportunity was taken of installing further instrumentation 


and viewing devices which would help locate the trouble spots. 


It was found that 


the pressure drop occurring at certain coolant flow rates in the vertical tubes which 
form part of the control rod mechanism caused nitrogen to be drawn through the tube into 
the main circuit and a similar effect occurred in the core thermocouple tubes. Relief 
holes and baffles are being introduced into these tubes in order to alter their hydraulic 
characteristics. The emptying of the expansion tank, also causing entrainment of the gas, 


was found to be caused through the blockage of certain tubes; these are being cleared. 
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accelerator for building up general standards 
work in radiology. This was revealed when 
the Laboratory’s report for 1960 was recently 
published. The executive committee origin- 
ally decided that a reactor would be a neces- 
sary piece of equipment for the standards 
work and basic research it planned to do 
in conjunction with the National Chemical 
Laboratory, and it was even decided that 
Teddington would be the site for this reactor, 
Later, however, and after the report had 
been prepared, the committee came to the 
conclusion that a Van de Graaff machine 
would be more useful at this stage and the 
plans for buying a reactor were postponed, 


Brazil 


The new president, Senor Quadros, has 
announced that he would like to site a 
nuclear power station in the Amazon valley. 
It would be smaller than the projected 
150-200 MW(e) Mambucaba station near 
Rio de Janeiro which, although the most 
advanced of all reactor projects mooted for 
Brazil, is still in abeyance. 


America’s “ Atoms in Action” exhibition 
is currently on show at Rio de Janeiro, its 
second visit to the South Americas. 


Canada 

Committees have been set up by the 
Canadian Nuclear Association for health 
and safety, economics, government legisla- 
tion, professional and technical subjects, and 
insurance. 


France 


Rachel, a fast-neutron critical assembly at 
Cadarache, is reported to be in operation. 
It will be used for providing data for the 
design of the 10 MW(th) breeder, Rapsodie, 
which is due for completion by 1963. 


West Germany 

Financial support amounting to DM 1-775 
million is to be given to the KBWP OMR 
project by the Bundes Ministry of Atomic 
Energy. This is half of the now estimated 
cost of DM 3-582 million for the project, 
which includes a design study of a 150 MW 
plant to be carried out by Atomics Inter- 
national (Nuclear Engineering, February and 
April, 1961). 





AN integrated national research 
and development nuclear power 
programme backed by the Govern- 
ment is urged both by the Atomic 
Energy Commission and the Atom- 
forum. At a recent meeting of the 
commission, held on the fifth anni- 
versary of its creation, it was decided 
to bring to the notice of the Govern- 
ment the importance of a national 
programme. The need for comple- 
mentary programmes in_ radiation 
hazards protection and in appropriate 
technical education would also be 
pressed. The same meeting gave 
support to the suggestion of the 
Atomforum that Government financ- 
ing of small reactor projects should 
be met from the provisions of the 
ordinary national budget. As regards 
development of large-scale plant and 
ship reactors, the Government should 
be prepared to underwrite possible 
losses, particularly if the plant is 
for export, say Atomforum. 
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The reactor building in the grounds of the Laboratorio de Fisca e Enghenaria Nucleares, at Sacavem, 

near Lisbon, Portugal. It houses a1MW AMF pool tank type reactor, the fifteenth to be put into 

operation, by AMF. Other facilities at this centre include a linear accelerator, Van de Graff 
machine, radiation chemistry building and pilot plant for uranium refining. 


india 


A 20MW(e) heavy water moderated, 
organic cooled reactor using natural uranium 
fuel is to be constructed at Trombay. It 
will be built without foreign aid, according 
to Dr. H. J. Bhabba, chairman of the AEC. 


Italy 


A design study for a nuclear power 
generating plant suitable for integration into 
the existing geothermal steam electrical 
generating plant at Lardarello, Tuscany, is 
being carried out by Mitchell Engineering, of 
London. The reactor would probably be a 
110 MW(th) BWR. 


Japan 

JRR-2, the AMF built CP-5 reactor at 
Tokai Mura, reached full power of 1 MW(th) 
during April. Previously it had been 
operated at levels no greater than 1 kW. 


While in the United States a team of 
engineers and business industrialists, studying 
the possibility of installing a materials test- 
ing reactor at Tokai Mura, expressed con- 
siderable interest in the BR-2 design, the 
work of NDA, of White Plains, in collabora- 
tion with CEN, of Mol, Belgium. It is very 
Possible that the Japanese will build a 
reactor of similar design. 


New Mexico 


A training reactor is sought by the 
Instituto Politecnico Nacional, and it is 
believed that one might be bought from 
Atomics International. It would be the 
country’s first reactor. 


Netherlands 


A 20-year contract has _ been signed 
between Euratom and the Institute for the 
Application of Atomic Energy in Agricul- 
ture (ITAL) at Wageningen, the Netherlands. 
It covers studies into the effects of 
radiation on plants, the conservation of 
foodstuffs by irradiation, and the behaviour 
of radioisotopes in the soil. Euratom will 
contribute two-thirds of the joint expenditure 
Incurred, estimated at about $1-5 million a 
year, and will provide about half of the 
research workers. 


Norway 


Deadline for bids for construction of 
JEEP If was May 15 and work on the 
foundation for the reactor containment is 
due to start at the beginning of June. 


Operation of the Halden BHWR with its 
first fuel charge ended on May 2 and the 
reactor will now be shut down until 
December while undergoing modification. 
It is planned to increase the power output 
to 20 MW(th) and to connect the reactor 
to .the steam distribution system of the 
nearby paper factory, Saugbrugsforeningen. 
With the first fuel loading the reactor was 
made critical on June 29, 1959, and produced 
steam for the first time on October 5, 1960 
(Nuclear Engineering, November, 1960). 


Pakistan 


Engineering and economic studies into the 
development of nuclear power in Pakistan 
are being undertaken by the Inter-nuclear 
Company, of Missouri, U.S.A. and Gibbs 
and Hill, of New York. From their studies 
they will make recommendations as to the 
size, type and location of nuclear power 
plant best suited to the country. It is 
reported that the studies are being made on 
the AEC’s plans for the installation of at 
least three stations, each of about 100 MW 
capacity, within the next five years. 


South Africa 


The Southern Universities Nuclear Insti- 
tute has now been registered as a company. 
Funds at present amount to just over 
£300 000 and another £200000 will be 
needed to complete the project. It is 
planned to build the institute at Faure, near 
Cape Town, and construction work is 
expected to start very shortly. Sponsors of 
the institute are representatives of Cape 
Town and Stellenbosch universities, the 
Atomic Energy Board, the CSIR, the Cape 
Provincial Administration and several indus- 
trial companies. 


Taiwan 

The GE 1 MW open pool reactor at the 
National Tsing-Hua University attained 
criticality on April 13. 
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Boron carbide-filled control rods of the 
type used in the OMRE and for shutdown 
in the VBWR replace the boron stainless- 
steel control rods previously used in the 
Dresden reactor. Although the AEC advisory 
committee on reactor safeguards are not con- 
vinced that these rods will be suitable for 
the planned life of the reactor, they are 
satisfied that the reactor can be operated 
with safety provided certain tests and peri- 
odic inspection are made by the owners, 
Edison Commonwealth. The committee 
have also recommended that periodic tests 
on the leak-tightness of the containment 
should be made. 


Periodic inspection of the control rod 
drive mechanisms and of the rods themselves 
is one of the conditions under which General 
Electric have received AEC permission to 
resume operation of the Vallecitos BWR. 
It was closed down in January last following 
the shutdown of Dresden due to defects in 
the control rod drives. Since then certain 
components made of 17-4 _ precipitation 
hardened stainless steel have been replaced 
and corrective work carried out on two 
small cracks in one of the boron stainless- 
steel control rods. Similar cracks were 
found in the Dresden reactor control rods, 
which have now been replaced by boron 
carbide-filled rods (see preceding item). The 
AEC now consider the VBWR safe but have 
insisted that before it is operated over 
100kW the control rod drive mechanism 
should be thoroughly tested and that certain 
parts of the mechanism should be inspected 
every six months, and the portion of the 
drive shaft that passes through the seal stuff- 
ing box should be visually inspected at least 
once a month for evidence of scoring. 
They also advise that in the event of a 
control rod sticking or binding the reactor 
should be immediately closed down and the 
reactor rods inspected by periscope. 


Managers and employees at AEC plants 
and laboratories have been commended by 
the AEC general manager, Mr. A. R. 
Luedecke, for making 1960 the safest year in 
the commission’s history. The number of 
workers injured during the year was the 
lowest on record—404 compared with 497 in 
1957, 533 in 1958, 457 in 1957, and 577 in 
1956. Mr. Luedecke pointed out, however, 
that the occurrence of eight deaths in AEC 
operations during 1961, including the three 
in the SL-1 incident, indicated the need for 
safety vigilance. 





The stainless steel reactor vessel for the 

Hallam sodium cooled graphite moderated 

nuclear power plant. It is 33 ft deep, 19 ft 
in diameter and weighs 50 ton. 
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General Electric have been selected by the 
AEC to decontaminate and dismantle the 
SL-1 at Idaho Falls. Offers to do this work 
were also received from the AEC 
Albuquerque Operations Office and Com- 
bustion Engineering. Before GE start opera- 
tions detailed plans will have to be approved 
by the advisory committee which was estab- 
lished after the criticality accident on 
January 3. At a meeting of the committee 
on April 25 a report that there was little or 
no water in the reactor was considered. The 
report was made following the introduction 
of two probes into the reactor vessel earlier 
in the month. Absence of water is contrary 
to an earlier assumption based on studies of 
cinematographic pictures. At the end of April 
entrance of people into the reactor building 
was still prohibited; radiation readings 
ranged from 30 to 200 réntgens/h. Immedi- 
ately following the accident they ranged from 
500 to 1000 réntgens/h. Shielding is to be 
placed over the reactor vessel to enable the 
contamination in the building to be assessed. 
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beset by delays and rising costs. 
Power Station. 


research and development work. 


back unknown systems. 


suggestions for improving upon them. 





AEC Withdraws from Florida Project 


WITH the AEC withdrawing from the 50 MW(e) GCR project for Polk County, 
Florida, the joint Government-industry power demonstration programme has received 
yet another setback. During the past two years five schemes under this programme 
have been dropped and although another five are still under way they have been 
Only one project has been completed—the Yankee 
Under the programme industry and the utility companies initiate 
projects for building a plant and then the AEC assists by backing the necessary 
If the AEC is not prepared to give assistance 
the projects are likely to be dropped because industry on the whole is reluctant to 
In the case of the Florida reactor more research and 
development work was necessary on the use of beryllium before any decision to 
build the plant could be taken (Nuclear Engineering, April, 1961) and the AEC have 
backed out because of “ technical and economic uncertainties.” 
affecting the programme has been the lack of suitable sites, a situation which has 
not been helped by the recently published AEC siting recommendations, 
the view of industry, are not flexible enough in that they do not take into account 
design details of particular reactor systems. 
served the AEC with their comments on the recommendations together with 


Another factor 
These, in 


The Industrial Forum have, in fact, 




























HAR Cut Down but not Dead 


IN view of the recent cutting of the homogeneous aqueous reactor project at 
Oak Ridge, Dr. Weinberg’s lecture on fluid fuel reactor systems (see page 261) 
came somewhat in the nature of a requiem. Although HRE-2 is to be shut down 
and work ceased on the core system some outstanding problems on the blanket 
system will still be pursued. The HAR is not yet a dead proiect and when a 
satisfactory solution to the blanket system has been found it seems probable that 
ORNL will propose to the AEC that another reactor experiment be built which 
could serve as a power demonstration experiment. 
molten salt reactor (MSRE) will receive first priority. 
already $75 million have been spent on its development and another $100 million 
must needs be spent to complete the prototype work. 
be necessary to bring the HAR to the prototype state. 


For the present, however, the 
Dr. Weinberg estimates that 


A similar sum would also 




















































Below: A half-size model at Atomic Inter- 
national, San Diego, of the Peach Bottom HTGR 
vessel. It is used to simulate gas flow 
conditions of the full-sized plant and is made 
of Plexiglass. The half size dummy fuel 
elements used are in aluminium. 


Clarification of the conditions under which 
reactor licensees can make changes in the 
design or operation of their nuclear plant 
without authorization from the AEC has 
been made in a recently published ‘* Notice 
of Proposed Rule Making.”’ The conditions 
specify that certain significant design and 
operating limitations are to be designated 
as technical specifications and AEC permis- 
sion must be sought before any tests, experi- 
ments and changes that involve a change in 
tnese specifications are carried out. An 
appropriate hazard analysis must accompany 
any request for such permission. In the case 
of power and testing reactors, if significant 
hazard considerations have to be preserved 
the question must be referred to the advisory 
committee on reactor safeguards for report 
and a public inquiry held. 


During the last quarter of 1960 the AEC 
spent $60-4 million on non-military nuclear 
projects, bringing the total expenditure at the 
end of December, 1960, to $519-2 million. 
Total estimated cost of the 47 reactor pro- 
jects involved is $950-7 million. 


Seven companies have responded to the 
invitation of the AEC-NADA nuclear pro- 
pulsion office for proposals on research and 
development of a nuclear rocket engine 
(Nuclear Engineering, April, 1961), They are 
Aerojet; Rocketdyne, a division of North 
American Aviation; American Metal Pro- 
ducts; Pratt & Whitney; Thiokol Chemical 
Corporation; Westinghouse; and General 
Electric. Although the selection of a con- 
tractor will be based on the company’s 
capability to carry out the entire nuclear 
rocket development programme, it will 
initially result only in the award of a con- 
tract for the first phase of the programme. 


Northrup Space Radiation Laboratory, 
Hawthorne, California, is to be equipped 
with a * pulsing” Triga Mk. F for simulat- 
ing radiation conditions which might be 
encountered by advanced space vehicles, 
their crews and equipment. It will be ready 
for operation late 1961 or early 1962. Two 
features specially added to the reactor plant 
to meet Northrup requirements will be an 
oversized pool of demineralized water sur- 
rounding the reactor core so that capsules 
containing full-size missile and space-vehicle 
parts can be immersed for exposure experi- 
ments and a large dry exposure room 
adjacent to the reactor pool to accommodate 
chambers for studies of radiation effects. 


A breach in AEC reactor regulations has 
led to the suspension of operation of 
Wyoming University’s L-77 solution type 
reactor. During a recent AEC visit the 
reactor was found to be operating without 
a licensed operator in charge. The uni- 
versity was immediately ordered to close 
the reactor and keep it in a locked shut- 
down condition pending further investiga- 
tion. A public inquiry may be held. 


The AEC is withdrawing from routine 
production and distribution of cobalt-60. It 
is felt that commercial interests can meet 
the normal demands for this material. The 
AEC will continue to provide Co’ in quanti- 
ties greater than 100000 curies, and _ will 
also provide quantities less than this if it 
can be shown that the supply from commer- 
cial sources is inadequate. 


Holders of reactor-operating licences have 
been requested by the AEC to submit details 
of operating, maintenance and health physics 
staffs employed at each reactor installation. 
They have also been invited to comment on 
experience gained with their staffing pro- 
cedures. Information received will be used 
in drawing up a set of recommendations for 
minimum size of operating staff for various 
types of reactors and critical experiments. 


Following evaluation of the expressions of 
interest in the building of a 50 MW proio- 
type OMR power station received from 
nine utility companies (Nuclear Engineering, 
April, 1961), the AEC has now issued an 
invitation for more definite proposals. Five 
of the companies, however, have been told 
that their proposed sites are not acceptable 
to the AEC advisory committee on reactor 
safeguards but the AEC would consider 
alternative proposals from them. 











61 





has 

of 
ype 
the 
out 
Ini- 
ose 
lut- 
ga- 


tine 


eet 
The 
nti- 
will 


ive 
ils 
ics 


on 
rO- 
ed 


US 


ve 








June, 1961 


NAP-100 is the name given to a Westing- 
house thermionic generator currently under 
test at the Air Force Special Weapons 
Centre, Albuquerque. Ten inches high and 
with a diameter of 16in it is designed to 
produce 150 w of electrical power for one 
year of continuous unattended operation. 
Heat source is Cm***, which heats the ends 
of the 144 small semi-conductive elements 
of generator to about 1000°F while the 
other ends are kept at a temperature of 
300° F. 


A 40-year-long operating licence is sought 
for the Yankee reactor power plant, together 
with an authorization to increase the operat- 
ing power level of the reactor from 110 to 
134 MW(th). Reports on the six months’ 
initial operation of the reactor, ending in 
January and on a 500 h test run at a power 
level of 110 MW have been studied by the 
AEC and a public inquiry into the Yankee 
Atomic Electric Company’s application for 
a long-term operating licence was to have 
been held on May 12. When the company 
decided it also wanted to increase the 
operating power level the hearing was 
postponed until June 1. 





Launching of the guided missile frigate, Bainbridge, 
at the Quincy, Massachusetts, yards of the 
Bethlehem Steel Corporation on April 15. The 
vessel, due to be completed in about a years time, 
is to be powered by two General Electric PWRs 
and will cost about $380 million. Two other 
nuclear powered surface naval vessels have been 
launched but there are no plans for further con- 
struction work in this field. Naval experts point 
out that further plans for a nuclear surface fleet 
cannot be considered until construction costs 
approach those for conventional powered vessels. 
In the meantime, AEC has budgeted $3.5 million 
for the development of a nuclear power plant for 
a destroyer. 


Western New York Nuclear Research 
Centre at Buffalo University, has been form- 
ally opened by Mr. Nelson Rockefeller, 
Governor of New York. 


Site preparation for the High Flux 
Isotope Reactor (HFIR) to be built at Oak 
Ridge is to start shortly. The reactor, 
expected to be in operation by 1964, will 
be used primarily for the production of 
transuranium elements for research purposes. 
It will operate at a power level of 100 MW, 
be water cooled and utilize fully enriched 
uranium fuel in a flux-trap configuration. 
That is, the fuel will be arranged around a 
cavity in the centre of the reactor so that 
fast neutrons from the fuel region will slow 
down and accumulate in this cavity to give 
the high flux needed for the production of 
synthetic elements. Maximum unperturbed 
flux will, in fact, be 5x10" n/cm?/sec and 
the reactor will be capable of delivering a 
flux of 3x 10" n/cm?/sec to a target of 300g 
of Pu*** now being specially prepared for 
this purpose. Principal products of irradia- 
tion will be Cm, Bk and Cf. 
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The Enrico Fermi 


THE Supreme Court of the United States sat in judgment April 26-27 on the 
appeal by the Power Reactor Development Company and U.S.AEC against the 
decision of the United States Court of Appeals for the District of Columbia 
Circuit on June 10, 1960, setting aside the provisional construction permit granted 
by the U.S.AEC to the company for the Enrico Fermi fast breeder reactor. The 
respondents, the International Union of Electrical, Radio and Machine Workers, 
AFL-CIO et al had successfully submitted that the same convictions regarding 
the ultimate safety of the plant must be applied to the granting of the construction 
permit as to an operations permit. The petitioners reject this view and further 
contend that the ruling that the AEC must find “‘a compelling reason” for siting 
a reactor in the “ neighbourhood ” of a large town was unsubstantiated. A critical 
part of the argument is based upon an exchange during the debates preceding the 
adoption of the Atomic Energy Act of 1954 between Senators Humphrey and 
Hickenlooper, in which Senator Hickenlooper proposed an amendment which would 
prevent construction permits from being issued before the completion of certain 
procedures. He withdrew on the assurance that another amendment in effect did 
this. The petitioners maintain that the point in question referred to the old 
public/private utility argument which had dominated the atomic energy debate, 
whilst the respondents claim that it included also the safety aspects as well. At 
the time of going to press the Supreme Court had not given its judgment. Testa- 
ments to the JCCA during February bore witness to the concern that is felt 
throughout American industry on the outcome of this case. 
nearness to completion of the Enrico Fermi plant it may seem that the final 
answer regarding the safety assessment, although not siting, will be somewhat 
academic, particularly as a safety assessment with a view to operating is nearly 
ready. It is clear, however, that if the ruling should go against the PRDC and AEC, 
future applications for plants of advanced design will be severely restricted. 


Reactor Case 


In view of the 











“Come onin....” 


Sir,—As secretary of the steering commit- 
tee which set up the Canadian Nuclear 
Association (and now that the Association 
has been formed, as a private individual), I 
should like to express regret that the U.K. 
is the only highly industrialized country of 
the Western World that has not yet formed 
an Atomic Forum. The reports of the 
March meeting called by FBI to consider 
whether the U.K. should join FORATOM 
(The European Atomic Forum) and whether 
a U.K. Forum should be formed, have been 
most discouraging. There appears to have 
been insufficient ‘‘ homework’ done by 
many of those present on the kind of work 
that a forum can do and which this kind of 
organization is now performing successfully 
in the U.S., Canada, Germany, France, 
Holland, Denmark, Switzerland, Japan and 
elsewhere. There seems to have been an 
undue emphasis on whether the U.K. should 
join FORATOM, which is really a sub- 
sidiary issue and one which tends to bring 
out an “ anti-Channel Tunnel” kind of 
insularity. The main issue is whether a 
U.K. Forum should be formed. The liaisons 
which it might or might not wish to have 
after formation can safely be left for the 
time being. 

On the main issue, one would have 
thought that outside of the Eastern “ bloc,” 
the main burden of atomic development in 
future will fall less and less on the govern- 
ment authority—and more and more on 
industry, utilities and educational institutions, 
Consequently there is a definite need for 
these groups to keep in touch with one 
another through a neutral forum, where the 
view of the government authority is one 
among several. In becoming the “ parlia- 
ment’’ of the nuclear industry through 
regular conferences and meetings, the forum 
brings together many points of view, allows 
the rapid dissemination of technical advances 


and establishes a valuable check, or in some 
cases a stimulus, and sometimes a platform 
to the government authority. Judging from 
reports I have read, the subjects of, for 
example, small reactors, compensation for 
tenders on nuclear projects and excessive 
secrecy over technical information could do 
with some free discussion in the U.K. 
Except in a few cases where government 
authorities have assumed negative attitudes, 
these authorities have normally welcomed the 
formation of forums in other countries. For 
one thing governments found it was so much 
easier to get an industry point of view on 
various key nuclear problems following the 
formation of forums. 

There is no reason why the U.K.AEA 
should not find a U.K. Forum equally use- 
ful. In Japan and elsewhere the government 
authority took the initiative in suggesting 
a forum should be formed and actively can- 
vassed membership among nuclear organiza- 
tions. Either the U.K.AEA or the consortia 
may be the best equipped to supply the 
leadership initiative for a U.K. organiza- 
tion. The alternative is that the U.K. 
nuclear industry would be the only leading 
nuclear industry in the world unable to speak 
with a strong voice on matters of common 
concern to its members both at home and 
abroad. It would be a pity if insularity and 
an excessively fragmentary approach were 
to override the national interest in forming a 
U.K. Forum. 

So far as the Canadian Nuclear Associa- 
tion is concerned this organization is holding 
a nuclear conference in Toronto on 
May 16-17, and would welcome delegates 
from the U.K. The Association hopes to 
establish a close and permanent liaison with 
a U.K. Forum if and when formed. “* Come 
on in boys—the water’s fine.” 

JOHN E. Hore 
Toronto 12, Ontario. 
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Pulsed Neutron Sources 


By using an accelerator to bombard targets containing deuterium or tritium with D. 
deuterons of about 200 keV large numbers of mono-energetic neutrons can be J. 
obtained. Pulsing the source enables time-dependent measurements to be made. 


OPIOUS yields of neutrons can be obtained by bombarding 

targets containing deuterium or tritium with deuterons of 
about 200 keV. The yield at this bombarding energy is about 
10'* neutron/coulomb for deuterium targets and 5 x 10!* neutron/ 
coulomb for tritium targets; in the former case the neutron energy 
is 2-5 MeV and in the latter 14 MeV. Thus even with quite modest 
deuteron beams, say 100 wA, the accelerator has a yield which, if 
produced by a radioactive source, would demand a very high 
level of gamma- or alpha-activity (100 uA deuterons, even with 
the d-d reaction is equivalent to about 100c of antimony- 
beryllium). With the accelerator source the attendant gamma 
radiation is negligible and in addition there are other features of 
interest and importance. First, the neutrons are reasonably 
mono-energetic and second, the source can be pulsed so that time- 
dependent measurements can be made. The emphasis in this article 
is on the use of pulsed sources. 


Thermal Neutron Diffusion Studies 


The principles of diffusion measurements can be seen by con- 
sidering the simple one-velocity diffusion equation which states 
the neutron balance in the absence of sources, 

5. a 
5p = 8b Zed, (1) 
where ¢ = neutron flux (value ¢. at time zero), 
v = representative velocity, 
D = diffusion coefficient = /, v/3, 
|, = transport mean-free-path, 
2. = macroscopic absorption cross-section, 
V * = Laplacian operator. 

Separating ¢ into space and time dependent parts, a solution 

of equation (1) is 


$ = 6 exp, —(DB*+ 5, v)t} (2) 
where B? is any eigen-value of the equation 
V2y+ By = 0. (3) 


The boundary condition is that y = 0 at a small distance (the 
extrapolated distance) beyond the physical boundary of the 
system and this defines values of B?imn corresponding to eigen 
solutions Yimn. B?,,, is referred to as the geometrical buckling, 
Bg. 
Thus (2) can be put in the form 
¢ = Z Kimn Yimn exp. —(DB*imn+ 2a Vt. (4) 
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Fig. 1.—Change of flux distribution with 
time, in a water system 94 in x9} in x 4in. 
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Fig. 2.—Decay curve for water system 
7$ in. X 44 in x 3h in. 


In the exponent the first term represents the loss of neutrons 
by leakage from the system and the second represents the absorption 
of neutrons. The value of B? is smallest for the fundamental mode 
of the flux distribution and hence by waiting long enough after 
the injection of a burst of neutrons, virtually this mode alone will 
remain. It is, however, quite instructive to make a series of flux 
plots at different times after the burst in order to see the change in 
shape resulting from the change in harmonic content. If a measure- 
ment of the decay constant is made before the single fundamental 
mode is established then corrections must be made to allow for the 
contribution of higher harmonics before single-mode analysis is 
used. Fig. 1 shows the change in the flux distribution in one 
direction of a small parallelepiped of water after a burst of neutrons 
from a source placed against one edge. The approach to the 
symmetry of the fundamental mode can be seen clearly. Similar 
results can be obtained with other materials. The asymmetric 
cases can be analysed to give the harmonic content. 

Fig. 2 gives an example of a decay curve; this is for a small 
water system of size 74 in x44inx34in which has a buckling 
B*.., = 021 cm": 

The decay is that of the fundamental mode alone. The higher 
modes have been attenuated by delaying the start of the measure- 
ments after the end of the neutron burst and by placing the detector 
at the nodes of the third harmonic and combining results from 
suitable points to eliminate the second harmonic. 

For the fundamental mode, we have the decay constant 
Axi, = (DB?,,, +2.) so that measurements of / for different sizes 
of the system (i.e., different values of B*) will give D and 2. v 
and also therefore, the diffusion length L = (D/2.v)'/*. The 
fact that these three quantities can be obtained is an advantage 
over the static measurement of flux with, say, a point source where 
the diffusion length only is obtained. The geometrical buckling 





* Now at Atomic Energy Establishment, Winfrith. 
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Fig. 3.—Plot of 4 against B7111 for water. 


B?,,, can be calculated from the physical size of the system 
together with a knowledge of the extrapolation distance which is 
usually taken as 0-71 4. For water, / is 0-49 cm and, for graphite, 
2:75 cm. 

Alternatively B,,, can be found from a flux plot across the 
assembly after the higher harmonics have died away to negligible 
proportions. With this approach, care has to be taken to avoid 
errors due to flux distortion by the detector. 

From a collection of curves such as Fig. 2 taken with different 
sizes of system, the information is obtained for the plot of 4 
against B® and Fig. 3 shows results for water. At small bucklings 
the linear relationship expected from the simple theory is observed, 
but at large bucklings some experimenters report a linear relation- 
ship whereas others report non-linearity’. The exact reason for 
the discrepancy is not completely clear although it is likely to be 
connected with the shape of the system. The curvature observed 
in some experiments has been attributed to the process known as 
diffusion cooling! whereby the effective temperature of the neutrons 
left in the moderator is reduced by the higher rate of diffusion of 
the more energetic neutrons. Direct measurements of neutron 
spectra? have confirmed this effect, which is in fact starting to 
introduce modifications to the simple one-velocity model of the 
neutrons. Under these conditions, the decay constant can be 
written in the parabolic form 

A= 2, v+DB?—cB* 
and the experimental results can be fitted to this equation in order 
to extract the value of the constants 2. v, D, c. The constant c 
has been referred to as the diffusion cooling coefficient but it 
should be mentioned that there may be contributions to this 
constant from processes other than diffusion cooling. Nelkin?, 
for example, puts c as the sum of two terms, cp-+c:, where cp is 
due to diffusion cooling and c; results from a more refined analysis 
than that based on diffusion theory. The magnitude and even the 
sign of c: depend upon the velocity dependence of scattering cross 
sections; for water Nelkin’s analysis gives c: ~~ cp/5 which is less 
than the present uncertainty in c. The model of a neutron gas 
losing energy by diffusion and balancing the loss by a gain from 
the moderator‘ gives for diffusion cooling alone: 
2 7 CC s 
37° MOT) m=7 
Where y = heat transfer coefficient between the neutrons and 


the moderator. [=F = 3/2k y¥(Tr — rT]. 
a 


T, = moderator temperature. 
T, = neutron temperature. 

The discussion, so far, has concerned systems of moderate size 
where the harmonic analysis is useful. Interesting measurements 
can also be made in very large, essentially infinite, systems. Here 
the decay of the total number of neutrons will depend just on 
absorption and it can provide a valuable measurement of absorption 
cross-sections. The diffusion of neutrons can again be studied 





ENGINEERING 231 


through the change in the spatial distribution with time after an 
injected burst from a point source. Meads, et al.° have described 
measurements in infinite media. 


Neutron Slowing Down Studies 


The thermal neutron distributions which have been discussed 
in section 2 and represented by equation (4) were produced by the 
slowing down of fast neutrons from the accelerator target. The 
geometrical nature of the source and the slowing down mechanism 
for the neutrons will decide the value of the constant Kim» in 
equation (4). 

The exact form of Kimn will depend on the mathematical model 
used to describe the slowing down process so that for the case of 
the Fermi-Age model K,,,0C exp(—B?,,, t) where t is the age to 
thermal energies, whereas for the two-group model 

Ky (1 +Ls? B¥y 13)? 
where L; is the slowing-down length. 

If a short burst of neutrons is used to set up the thermal neutron 
distribution, extrapolation to zero time of the observed decay of 
the fundamental will give a measure of K,,, for a particular buckling 
B?,,,.. This can be repeated for different bucklings and a plot of 
log eK11, against B*,,, will give t; a plot of K~*,,, against B?,,, 
will give L?,. The quality of the fit of the experimental points 
to the predicted line will give a test of the validity of the particular 
model. The sub-critical assembly also provides tests of slowing 
down models as will be mentioned later. 

Measurements of this type, where the distribution of thermal 
neutrons is used to provide information on slowing down, are 
made using time intervals which are long compared with the 
slowing down time. The alternative is to perform neutron density 
measurements while slowing down is taking place; this, of course, 
demands measurements over shorter intervals of time but has the 
compensation that finer details of the slowing down process may 
be studied. 


Studies with a Sub-critical Assembly 

We are concerned here mainly with the use of pulsed sources 
in a sub-critical assembly but this should not be allowed to divert 
attention from the very important use of a sub-critical assembly 
with a continuous source. In the latter case a steady-state neutron 
distribution is produced by the balance between the supply of 
neutrons from the source and the loss by leakage and absorption. 
Measurements on the spatial distribution enable factors such as 
materials buckling, migration area, reflector saving to be obtained’. 
These measurements are best made with the source at one end of 
the assembly and the neutron density then falls off approximately 
exponentially with distance along the axis of the system. Hence 
the term ‘“‘ exponential experiment ” is frequently used to describe 
this arrangement. 

For a parallelepiped the flux can be written in the form 

é = J Aim cos(lax/a) cos(mzy/b) sinha(c—z) 
where a, b, c, are the dimensions in the x, y and z directions 
including either extrapolation distance for the unreflected case or 
reflector saving for the reflected case. Distances are measured 
from the centre of the end plane nearest to the source, which is 
assumed to inject a symmetrical flux in the xy plane. The final 
term approximates to exp(—az) for measurements well away from 
the boundary of the system. Also if measurements are made 
some distance from the source then only the fundamental mode 
will be present in the x, y directions and for this case 
Q,, = 27/a?+2?7/b?— Bn. 

where B?,, is the materials buckling for the particular fuel and 
moderator. B?» can thus be found once the effective dimensions 
of the system are known. At criticality B®, = B?, and the critical 
size of any arrangement can thus be found from sub-critical 
measurements. In fact, for natural uranium in light water B?» 
has a small negative value and criticality cannot be obtained. 

The full set of measurements with the reflected and unreflected 
systems are most instructive, but having briefly indicated the 
possibilities we will return to the use of pulsed sources with the 
sub-critical assembly. Once neutron multiplication is present 
it is, of course, not possible to obtain a pure thermal flux by 
introducing a burst of fast neutrons and waiting for them to be 
thermalized. The fission process ensures a continuous supply of 
fast neutrons and therefore adjustment must be made to the 
detector counts if the thermal contribution alone is required. 
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Fig. 4.—Decay constant for different sizes of 
uranium-water lattice. 


(This applies also, of course, to steady-state measurements in a 
multiplying assembly.) 

When neutron multiplication is present, the neutron balance 
equation must be modified to include the neutrons produced in 
fission and becomes 

1c¢ D 


vor = a J 26 Fn En b+ fy Bu OCP) PCr -r"|) dr? 


where 2, = macroscopic absorption cross-section of the fuel, 
2m = macroscopic absorption cross-section of the 
moderator. 
7» = number of prompt fission neutrons per thermal 
neutron, absorbed in the fuel, 
and the integral gives the neutrons, produced in fission over the 
whole system, which reach the volume element as thermal 
neutrons. 
The decay constant of the fundamental mode, is, neglecting 
diffusion cooling, 
Ayn = vV2m+ DB?,,,+v 2.1 —nP(B?)) 
where P(B*) = probability that a neutron produced in fission is 
moderated and remains in the assembly. 
A study of /,,; as a function of the size of the system, and hence 
of B?,,,, can thus give information not only on the diffusion 
parameters v2, and D but also on the quantity P(B?). 
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One approach is to use some suitable mathematical model for 
the slowing down of neutrons to give the form of P(B?). The 
parameters of the model can then be obtained by finding the best 
fit between the predicted and the experimental A(B*) curves. 
Furthermore the relative quality of different slowing-down models 
can also be obtained by this comparison between the experimental 
data and the predictions of the different models. As a simple 
example, with Fermi-Age theory and negligible slowing-down time 
the decay constant is of the form 

Ayn = W2m+ Lu) + DB? 1;—Ka(2m+ Zu) v exp(— B?,1; 7) 
and the age parameter t can be obtained from the A(B?) data. 

Another, and more general, approach (Barrett, Ph.D. thesis, 
Birmingham 1960) is to use the momental form for P(B?) and hence 
write the decay constant as a polynominal in B?. 

2 = a+bB?+cB*+dB*. 

The coefficients, a, b, c, etc., contain the slowing-down moments, 
r?, r4, etc., and the constants which appear in the neutron balance 
equation. Information on some of these is thus given by fitting 
the polynominal to the measured values of 4 and B®. A curve of 
P(B?) against B® can then be drawn and compared with the pre- 
dictions of different models. 

Fig. 4 shows the form of the A(B?) plot for a uranium-water 
system measured at Birmingham with 1-2 in-diameter natural 
uranium bars placed on a lattice of pitch 1-9 in; included also are 
the curves predicted by Fermi-Age and two-group models using 
the best-fitting parameters for each. Delayed neutrons have not 
been included as they are not important until the decay constant 
is considerably smaller than 10° sec™!. 

The negative intercept on the x-axis shows that the natural 
uranium-water system cannot be made critical. If a small degree 
of enrichment were present in the uranium or if a uranium-graphite 
system were used, then a positive intercept would be obtained and 
its value would correspond to criticality with prompt neutrons. 
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On the Insurance Front— 


No decisions yet; discussions to continue 


XCEPT for the tentative proposals for the apportionment of 

liability among Euratom countries in respect of nuclear 
incidents (see “ World Digest,” page 225), little has emerged 
from the recent meetings and international conferences on 
insurance matters. The diplomatic conference convened in 
Brussels, April 17-29, to formulate and prepare for signature a 
draft convention regulating the liability of nuclear ship operators 
failed to progress as far forward as expected, while the inter- 
national atomic energy insurance conference held in London, 
April 18-19, dealt exclusively with domestic issues such as 
matters of procedure. Delegates to the Brussels conference 
did at least, however, manage to collect some ideas for a draft 
convention and a working committee was formed to edit these 
and put them into shape in readiness for another conference 
to be held either later this year or early 1962. 

At the same time the IAEA continues to study its draft 
convention relating to the claims arising from accidents in 
land-based installations and in the transport of nuclear materials, 
It was formulated in 1959 and last year circulated to member 
States for comment. In the light of these comments a committee 





representative of 14 countries is now revising the draft for 
eventual consideration at a conference. 

In America steps have been made to tidy up the indemnity 
arrangements the AEC makes with reactor operating organiza- 
tions. By law the AEC has to indemnify all such organizations 
against public liability up to $500 million per nuclear incident. 
At the same time, the organizations themselves, unless they 
happen to be educational establishments or federal agencies, 
have to maintain public liability insurance. If liability claims 
are made after an incident which are in excess of this insurance 
then government indemnity is applied. 

Up to now there has been a gap between the limits the two 
insuring syndicates involved in this field have been prepared to 
set their obligations and the level at which government indemni- 
fication could start—$60 million. The syndicates were requested 
by the AEC to explore the possibility of effecting insuranc2 
arrangements which would eliminate this gap. Nothing emerged, 
however, and the AEC has had to modify its own arrangements 
by permitting indemnity to be applicable at the level at which 
insurance coverage would terminate. 
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Testing Nuclear 
Equipment 


HE atomic power group of English Electric, Babcock and 

Wilcox and Taylor Woodrow—which is now responsible 
for more than one-third of the total nuclear generating capacity 
under construction in the United Kingdom—recently invited 
journalists to see some of the group’s nuclear testing 
installations at Whetstone and Rugby. 

Whetstone, which is just outside Leicester, is the research 
headquarters of English Electric and it is concerned with the 
development of various kinds of prime mover—diesel and gas The first of the Hinkley 93.5 MW turbines prior to steaming 
turbine, as well as nuclear. At their Rugby turbine works, at the Rugby works. 

English Electric has set aside part of the factory to test blowers 
and the hole-preparation machines intended for Hinkley Point. 

Visitors to Whetstone were shown over a full-scale rig for 
testing charge/discharge machinery. Taylor Woodrow were 
responsible for constructing a 90ft deep pit in which are 
installed two pressure vessels each capable of operating under 
reactor conditions. In one vessel, which represents the full 
height of a group of fuel channels, each sequence of the 
charge machine is carried out as it would operate within the 
heart of the reactor pressure vessel. The other shorter vessel 
represents the top section of the reactor and provides simpler 
duplicate test facilities. The performance of the control rod 
system is studied on a separate rig. A lift has been installed so 
that personnel can reach the bottom of the pit easily and 
quickly, while closed-circuit television keeps watch on inacces- 
sible parts of the charge machine both during tests and in 
service. 

The core and reflector of each Hinkley Point reactor calls 
for the production of 4 500 tons of precision machined graphite. 
In all some 300000 graphite bricks and tiles are required for 
the two reactors. These are produced in the graphite machine 
shop at Whetstone. The shop contains semi-automatic transfer 
lines with modern unit head machines to give maximum 
flexibility of production. 

Whetstone also has the largest analogue computer in Europe, 
Saturn, which has been built by English Electric at a cost of 
£300 000. This computer comprises six machines able to 





(Below) Hinkley fuelling machine test frame containing ; , ; 
the cylindrical magazine, and associated controls Whetstone’s computer, Saturn, is being used for 
(bottom, right.) performance calculations on Hinkley equipment. 


operate singly or as one unit—the more units the more complex 
the problems that can be solved. One of the features of Saturn 
is its ability to deal with a very large number of intricate 
calculations simultaneously, so that it can be used to simulate 
the actual performance of a nuclear power station under 
varying conditions; it is therefore a most valuable aid in 
perfecting the operating and control systems needed. It can 
also be used for studying problems on more advanced projects 
to assess their worth. The whole machine contains 1 512 
amplifiers arranged in 6 banks of 252. 

At Rugby, parts of a reactor are installed in a 70 ft deep pit 
in which is being tested the first Hinkley Point hole-preparation 
machine, a device which removes the standpipe plug prior to 
coupling up the fuel-charging machine. English Electric are 
supplying 12 blowers for Hinkley, one for each gas circuit. 
These blowers are taken through a series of stringent tests to 
ensure that they reach the required high standard of 
performance and are mechanically reliable, under all conditions. 

Visitors were also shown the first 93-5 MW turbine for 
Hinkley on test. Rugby works are to supply a total of six 
main turbo-alternators for the station. Each turbine is 
assembled at works and thoroughly tested at speeds equal to 
and greater than those used normally in service. After test the 
sets are dismantled, sent to site and erected. 
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The SCHWR Project 


Plant Parameters 


PERFORMANCE 
Reactor gross power 60 MW 
Reactor net heat output 54 MW 
Core life (85% utilization) ; 1-66 a 
Wt. of complete reactor plant 
and containment BY % 1 200 ton 


REACTOR CORE 


Nominal core size 
Lattice pitch ‘ 
Fuel channels: No. 


.. 6 ft 3 in (dia.) by 8 ft (height) 


8 in triangular 
90 


I/dia. 2:93 in 
Power density 8-6 kW/litre 
Axial form factor 1:38 
Radial form factor 1:25 


Calandria tank 


Al (22% Mg) 


REACTOR COOLANT 
Mean pressure ..~ 


Active fuel channel press. drop 


Total steam flow. 
Inlet temp. 
Outlet temp. 


Max. channel steam velocity 


PRIMARY STEAM CIRCUIT 


Generators 
Circulators 


Thermocompressor nozzle steam 


Thermocompressor 
steam ee 


Thermocompressor 
steam Se 


suction 


discharge 


Steam (H2O) 


800 psia 54-4 atm 
18 psi 1:22 atm 
6°50 x 105 Ib/h 

536°F 280°C 
FEE S20°C 
180 ft/s 


2x‘ Once through ” 
2x Thermocompressors 
27-36 x 10% Ib/h 
at 2 200 psia and 702°F 


2x 2:51 x 105 Ib/h 
at 760 psia and 523°F 


23-25 x 105 Ib/h 
at 825 psia and 536°F 





7 ft 6 in (0.d.) by gin by 
9 ft 6in 


a Al (24% Mg) 
4:20 in (0.d.) by in thick 
: -015 in stainless steel 


Calandria press. tubes .. 


Fuel channel barrier assy. 


Feed pumps (turbine driven) .. 
Aux. feed pumps (motor driven) 
Feed pump suction pressure 

Nominal primary S.G. feed temp. 
Steam flow to secondary S.G. .. 


2x100% (580 h.p. each) 
2x6% 
725 psia 
9 10) 


2 
27-36 x 104 Ib/h 


SECONDARY STEAM CIRCUIT 


020 in CO2 
072 in Magnox 
-34in MgO 
(2 g/cc, granular) 
Moderator control tubes Al (24% Mg) 
4-10 in. — 048 in 
thick 
No. for scram control 54 
No. for fine control 18 
No. for flux shaping 129 
Total No. 201 
Wt. of core (dry, uncharged, inc. 
end shields and reflectors) 95 ton 


FUEL 


Material 

U5 content 
Investment = 
Max. fuel rating .. 


Yoax f k.dT 


° 
Mean thermal flux 
Mean burn up 


FUEL ELEMENT 


Centre rod 
Cladding . . 


Core de 
No. of fuel rods/element 
Fuel pellet size 3 
Cladding .. 


Max. can surface temp. — 


full power) .. 
Max. surface heat flux 


Wt. of complete element assy... 


REFLECTOR 


Radial 
Axial 


MODERATOR 


Total wt. in calandria tank 
Blanket gas . ae 
Temp. in reactor... 

Mean thermal flux 





UO2 Bat 5 g/cc) 


3: oo t GOs 
27 MW/t UO2 


54 W/cm 


1-4 10'? n/cm?s 
10 000 MWd/t U 


1-62 in (0.d.) 
010 in stainless steel 
MgO (3-0 g/cc, sintered) 
12 


500 in dia. by -750 in 
-010 in stainless steel 


Single helical fin -020 in by 
067 i 


n (ht.) 


680°C (1 256°F) 

2:70 x 10° Btu/ft?h 

(85:2 W/cm?) 
185 Ib 


H20/D20 
D20 


D20 


9-5 ton 
CO2z 
45°C to 75°C 
3-7 x 10"? n/cm?s 


Secondary steam 


Main engine flow 


Total Wt. of steam plant an 


27-52 x 104 Ib/h 
at 615 psia (41-9 atm) and 
850°F (454°C) 
1:34 105 Ib/h 


Moderator circuit) 222 ton 
CONTAINMENT 
Design pressure .. 80 psi (5-44 atm) 
Size 35 ft dia. x 3 in x 47 ft 6 in 


Wt. of steel containment (incl. 


base) 


REACTOR SHIELD 
Core shield: radial 


140 ton 


. 3 ft 4in concrete Wt. 


1 ft 2 in steel 
and water 355 ton 
Top shield. . . 6 ft 6in steel . 
and water hg rn 
Bottom shield .. 4 ft Oin steel Wes" 
and water : 
Containment lining . 1 ft 0 in concrete (Wt. 365 
ton) 
PHYSICS All control All control 
tubes filled tubes empty 


Temp. coeffs. of reactivity (start 


of life, a clean):— 


der 
Fuel: (< c* aT ) 














. —1:32x10-5 —3-57x10-5 


(°G)-" 
S on —1:5x10-4 —3-5x10-* 
Moderator: (ce: Md (°C)-" 
Eigenvalues:— 
(Cold, clean, start { Ker; 1-208 ‘734 
of life) Ko 1-371 1-081 
Thermal constants:— 
Thermal multiplication 
Ee = 1-541 1-549 
a o2 
aa -7475 7517 
haa constants:— 
Fast multiplication 
vd-t 
K = — 6443 -4938 
Xa! 
Fast escape probability 
rs 
be a) 8108 5563 
U*® fast escape probability 
—_ 28 
p?* = wee = 8465 6596 
Conversion factor : 31 “80 




















June, 1961 





NUCLEAR ENGINEERING 


The Steam Cooled Heavy Water 


Marine Reactor 


In June 1959, “* Nuclear Engineering” published an outline of the design study 
conducted by Vickers Nuclear Engineering for presentation to the Admiralty of a 
marine reactor based on heavy water moderation and steam cooling. Over the 
past two years Rolls-Royce‘have crystallized the more important design details and 
demonstrated experimentally the validity of many of the design concepts. A 
summary of this work is presented in the following articles. 


HE halcyon days when nuclear energy 

commended itself for all purposes 
by virtue of its magic are now past. Any 
new proposal must pass a close economic 
scrutiny. Marine propulsion is no 
exception: if anything the pendulum has 
swung too far towards preoccupation 
with economic aspects, considering that 
there are no cost figures based on 
operating experience with reactors 
designed for economic operation. 

The circumstances for which marine 
reactors have to be designed are par- 
ticularly straitened: with the most 
optimistic assumptions about fuel costs 
a nuclear steam generator for a 20000 
s.h.p. tanker could break even with a 
conventional plant running on oil at 
£120 per ton, at a capital cost of 
about £45 per kW installed. This figure 
must by rights include a proportion of the 
first fuel charge. This is less than one 
can reasonably hope to achieve for 
larger plants in which the numerous 
ancillaries of reactor engineering and 
control which do not scale down account 
for an appreciable part of the overall 
cost. 

The main issue in the design of small 
reactors is therefore a thorough search 
for what can be left out. This applies 
particularly to precision machined com- 
ponents and to delicate site assembly 
work under special clean conditions. A 
further point is that small reactors with 
their marginal economic prospects do 
not justify expensive programmes of 
technological development. 

So much for the background; the 
description in the following pages shows 
one solution elaborated by one team out 
of the many who have given their 
thought to the subject. 

The things included in the proposed 
System are all based on well-known 
technology; (a) Heavy water moderator 
at low temperature contained in a light 
alloy tank; (b) Uranium oxide fuel 
canned in stainless steel; (c) Dry super- 
heated steam as coolant; and (d) cold, 
light alloy pressure tubes. 


The things left out are: Mechanical 
control devices; moving parts in the 
reactor; accurate clearances inside the 
reactor requiring machining; uncommon 
metals; circuit corrosion and activation 
problems; special materials like stainless 
steel in the coolant circuit; the need for 
control systems driven by nucleonic 
instruments; and special coolants which 
would have to be carried on board. 

It is not claimed that the system pro- 
posed could provide competitive power 
for a tanker now; but it does provide 
steam conditions suitable for modern 
steam turbines, a low fuel cycle cost and 
ample development potential, and it 
should be able to provide these things 
at a cost in time and money appropriate 
to engineering development rather than 
development of reactor technology. 

To sum up, this particular nuclear 
marine reactor project promises low fuel 
cost by virtue of good neutron economy 
coupled with a high thermal efficiency; 
the reactor proper accounts for only a 
small fraction of the capital cost of the 
plant, the rest of which, being conven- 
tional in nature, should be susceptible to 
cost reduction by experience. As the 


pressure tube system employed makes 
the reactor scaleable, economic applica- 
tions perhaps of a larger power output 
should come in sight not long after a 
prototype has proved itself in operation. 

An earlier version of this proposal was 
originally presented to the Galbraith 
Committee under the aegis of Vickers 
Nuclear Engineering, Ltd. At that time 
and in all the subsequent work Foster 
Wheeler, Ltd., have been closely associa- 
ted with the project and have taken the 
responsibility for the design of heat 
exchangers and water and _= steam 
auxiliaries which form a large part of 
the system. Vickers, Ltd., have provided 
information on all those aspects of ship 
construction which it has been necessary 
to consider during the design of the 
reactor. Grateful acknowledgement is 
made for much help and encouragement 
received from the Yarrow—Admiralty 
Research Department, especially in the 
early and formative stages, for the help- 
ful advice given by Lloyd’s Register of 
Shipping and last but not least to the 
many people within the Rolls-Royce 
Organization who have given their 
unstinting help. 


General Description 


Primary Steam Circuit 

IG. 1 is a simplified primary steam 

circuit diagram showing all items 
situated within the containment. The 
reactor acts simply as a steam super- 
heater, steam at a circuit pressure of a 
little over 800 psi entering at the top at 
536°F (280°C) (approximately 10 Btu/Ib 
above saturation) and emerging at the 
bottom at 970°F (521°C). 147200 Ib/h 
of this steam passes to the two secondary 
steam generators (each producing inac- 
tive steam at 600 psig and 850°F) whereas 
nearly 6500001b/h flows through the 
primary steam generators, and from 
there to the thermo-compressor suction. 





Evaporation of the primary circuit feed 
occurs in the primary steam generators at 
a pressure of 2 200 psi. 

Circulation of the primary circuit steam 
is accomplished by the thermo-compres- 
sors (known variously also as “Jet-pump” 
or “Thermopump” or more loosely 
as “ejector”) described below. The 
2 200 psi steam from the primary steam 
generators supplies the nozzles of the 
thermo-compressors, thus by carrying out 
all evaporation at high pressure the 
motive power for primary steam circula- 
tion is provided. 

It is clear from the flow diagram that 
the heat transferred in the primary steam 
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generators is approximately 75% of that 
given out by the reactor. This large heat 
duty combined with the necessity of 
making the plant capable of following 
rapid load demands makes it necessary 
to design these steam generators in as 
compact a form as possible. In the 
thermo-compressor section it is shown 
that there is a definite upper limit to the 
pressure rise available to overcome 
pressure drop round the 800 psi circuit. 
Hence a further constraint on the primary 
steam generator design is a low pressure 
drop on the 800 psi side. 

There is considerable restriction on the 
permissible temperature difference avail- 
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Fig. 2.—Primary steam generator 
temp. heat diagram. Blow down 
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able. Fig. 2 shows a temperature/heat 
diagram for the heat exchanger and 
Fig. 3 shows the effect of varying reactor 
outlet temperature and the “pinch 
point” temperature difference. From the 
latter figure it is clear that increased 
temperature difference can only be 
obtained at the expense of increased mass 
flow ratio which adversely affects the 
pressure rise available from the thermo- 
compressor. 

Four types of steam generator were 
investigated by Foster Wheeler: natural 
circulation; assisted circulation; once 
through; once through with steam drum. 
The small temperature difference avail- 
able and low pressure drop on the 
800 psi side dictated the use of finned 
tubes in a staggered bank. At the high 
pressures involved the natural circulation 
unit was found far too bulky, the assisted 
circulation unit involved large circulation 
pumps running at high pressure in the 
primary fluid. The plain once through 
unit produced a compact convenient 
system but for reasons of ease of control, 
removal of solids and safety, a steam 
drum and dryer are included. 

The adopted design is shown in Fig. 4. 
The separator on the bottom of the 


800 psi side is to remove moisture from 
steam passing to 


the the thermo- 





Fig. 1.—Simplified steam circuit dia- 
gram: indirect cycle. 


compressor section, and thus make the 
plant insensitive to low feed temperatures 
especially at low loads. The only major 
rotating auxiliary in the primary circuit 
is the feed pump, driven by a secondary 
circuit steam turbine through a contain- 
ment shaft seal. 

The circuit is duplicated, with two 
100° duty feed pumps, one normally 
running and one standby, together with 
two low capacity auxiliary electrically 
driven feed pumps for start-up and low 
power running. Feed pump _ suction 
pressure is determined by the centrifugal 
make-up pump. (Duplicates are not 
shown.) This pump has a relatively flat 
pressure/flow characteristic, thus main- 
taining a reasonably constant feed pump 
suction pressure. As this pressure is 
determined, the secondary steam genera- 
tors can have individual condensate 
discharge control valves operated from 
the condensate level. The spring-loaded 
valve on the make-up pump discharge 
extends the already flat pump charac- 
teristic into the reverse flow region. 

Blow down from the primary drums is 
cooled and passed to the ion exchange 
equipment. The separation factor for 
impurities in the water is such that this 
system is nearly as effective as a full flow 
ion exchanger though handling only 4% 


from the auxiliary oil-fired boiler, or 
from a shore connection. 


°F 


Feed Water Temp T, 


1.050 


1000 
Reactor Outlet Temp. T, °F 


Fig. 3.—Variation of steam generator 


conditions. (See also page 245.) 
Constants : H3s=1 220 Btu/Ib 
He=1 210 Btu/Ib 
P2=2 400 psia 
Ps3=2 200 psia 
(Note : 
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Once the system is full of low pressure 
steam, the start-up circulator pump is 
started. This feeds saturated water from 
the electrically heated boiler to a third 
nozzle in the thermo-compressor, and 
induces a steam flow round the primary 
circuit. 

Conventional methods are used to 
bring the reactor to criticality and up to 
a low power. Increasing reactor power 
will increase the outlet temperature and 
thus start raising steam in the primary 
steam generator. Once nozzle steam is 
available, self-circulation can commence 
with assistance from the start-up circula- 
tor for as long as necessary. 


Plant Installations 

Fig. 7 shows the general arrangement 
of the reactor and primary circuit com- 
ponents within the containment. The 
main units are the reactor, two primary 
steam generators with steam drums, the 
secondary steam generating equipment, 
moderator coolers, contained within the 
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Fig. 5.—Photograph of fuel element bundle. 


reactor concrete shield, and auxiliary and 
main feed pumps for the primary circuit. 

The latter are driven by secondary 
steam turbines outside the containment, 
through special shaft seal units mounted 
on the containment wall. The reactor is 
positioned on the fore and aft centre line 
of the vessel, and is offset on the contain- 
ment base to leave a compact access area 
within the 33 ft id. containment, for the 
steam circuit equipment. 


Reactor Installation, Shielding and 
Containment 

The calandria tank when complete 
with pressure tube assemblies is located 
within a built-up steel unit which pro- 
vides a light water reflector at the sides 
of the core, and main biological steel and 
water shields above and below the core. 
Fig. 8 shows the general arrangement and 
Figs. | and 3 (page 240) give details of 
the construction. 

The upper and lower shields are 
pierced by the inlet and outlet steam 
pipes from the core pressure tubes, and 
the weight of the core is taken by the 
upper shield structure, each inlet steam 
pipe being attached to this structure by 
an adjustable collar at the point where 
it emerges from the shield. 

This is indicated in Fig. 1 (page 240) 
from which it will be seen that the weight 
of the fuel elements is taken directly by 
the upper shield, through the same 
collars. 

The outlet steam pipes below the core 
are free axially in the lower shield. The 
side light water reflector is an annular 
water filled steel container which con- 
nects the end shields to form a unitary 
shield unit surrounding the aluminium 
core tank. The inner wall is only -125 in 
thick, so that the 4-in water layer sur- 
rounding it is effective as a reflector. 

The steel and water layers outboard of 
the reflector form a thermal shield and 
are attached to, and form a protection 
for, the concrete of the main side shield. 
They also provide a clean cavity into 
which the core unit with its attached end 
shields and side reflector can be lowered. 
The outside diameter of the concrete 
shield is 16 ft 6in, so that the combined 
thickness of steel and water, reflector and 
thermal shield, and concrete, external to 
the calandria tank, is about 4 ft 6in, of 
which 3 ft 4in is concrete. 

The overall height of the shield is 26 ft. 
The top of the shield is completed by a 
circular water tank 2 ft 6in deep, which 
is located immediately above the upper 
steam inlet pipes. This tank can be 
emptied and removed when the reactor is 
shut down, to give access to the charge 


plugs. 
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Fig. 7.—SCHWR plant 
layout perspective. 


The base of the concrete shield is 
supported on a circular steel stool. The 
spaces between the vertical stanchions of 
this unit contain the control water dump 
tanks and valves and the steam outlet 


pipes. The core unit with surrounding 
steel and water reflector and shield unit 
is seated on the inner diameter of the 
stool. 

The top of the core unit is free on its 
vertical axis, and there are radial keys to 
prevent lateral movement. The calandria 
tank within it has a central spigot at 
each end which engages with the end 
shields to locate the tank laterally. The 
radial vertical plate columns of the shield 
support stool extend downwards to seat- 
ings on a 2ft thick grillage which is 
plated on both faces and forms the base 
of the containment; all horizontal and 
vertical loads due to the weight of the 
reactor are transmitted through them to 
the grillage, and thence via the grillage 
supports to the ships’ bottom, as shown 
in Fig. 7. 

The vertical section of the containment 
is a steel cylinder 0-625 in thick, with an 
outside diameter of 35 ft. surmounted by 
a hemispherical upper dome. The overall 
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height of the containment including the 
base grillage is 47 ft 6 in. 

The lower part of the dome is integral 
with the containment side walls and the 
upper part is attached to the lower part 
by a lap joint in which bolts are used 
instead of rivets. It is proposed to build 
the containment in the ship and test it 
hydraulically at a pressure 25% in excess 
of the estimated maximum accident 
pressure which is about 80 psig. 

On completion of this test, the upper 
part of the dome is removed and the 
containment walls are lined with concrete 
blocks. These blocks prevent collapse of 
the containment shell in the event of the 
ship sinking in shallow water (100 ft). 
They also provide adequate shielding in 
the event of a reactor accident in which 
there is an escape of fission products into 
the containment. After the construction 
of the main concrete shield, clean room 
conditions are established within the 
containment which is provided with a 
suitable temporary cover. The aluminium 
dump tanks are fitted into the base of the 
shield, and the reactor unit complete with 
its end shields and side reflector, and top 
steam inlet ring main, is then lowered 
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into the concrete side shield. This 
involves approximately a 95-ton lift. 
There follows the plumbing of the 
control water connections, fitting of con- 
trol valves, the introduction and placing 
of the primary and secondary steam 
generators, and then the installation of 
all the smaller items of equipment and 
the pipework. 

Finally, the upper part of the dome, 
previously lined with concrete and weigh- 
ing 50ton, is fitted to the containment 
and the completed unit is air pressure 
tested. 

Fuel Elements 

Twelve rod fuel element clusters which 
are shown in Figs. 2 (page 240) and 5 
(page 237) have an active length of 8 ft 
and an overall length of 13 ft 10in. The 
rods are arranged in a single row around 
a central steel tube, 0-010 in thick, which 
contains sintered magnesium oxide cylin- 
drical blocks. These blocks have a small 
central hole and are open to the steam 
coolant. 

There are 90 identical fuel element 
clusters in the core. UO. in ‘Sin dia., 
‘75in long pellet form, clad with -01 in 
thick austenitic stainless steel sheet forms 
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the fuel rods, which are continuous 
through the 8 ft high core. The cladding 
is fabricated from strip material, which 
is formed into a channel section and then 
spirally wrapped on to a mandrel so that 
the channel flanges butt together to form 
a spiral spacer fin. This is sealed by an 
automatic resistance seam welding pro- 
cess, and finally cropped to the desired 
height. Equipment has been manufac- 
tured to make fuel cans in this way, and 
Fig. 9 shows a length of strip material in 
various stages of manufacture. The 
process is continuous, and the photo- 
graph shows a piece of partly completed 
strip which has been extracted from the 
forming machine. 

Choice of canning material is based on 
tests which now extend to 2000h, on 
corrosion properties of possible steels in 
steam at 800°C. Ordinary 18/8 type 
stainless steel was found to have an 
unacceptable high corrosion rate and the 
preferred material is a 19/14 chromium 
nickel steel. The use of strip material in 
preference to drawn tube is dictated 
partly by the need to ensure constant 
thickness and adequate inspection of 
cladding during manufacture, and partly 
by the need to provide some means by 
which the expansion of the fuel pellet 
relative to the can under various opera- 
ting conditions can be accommodated by 
thin canning material which is forced by 
coolant pressure to conform to the fuel 
pellets. The radii formed at the root of 
the fin provide the small but necessary 
flexibility. 


STEAM CHANNEL ASSEMBLIES RESTRAINED TO 
SHIELD STRUCTURE AT TOP END BUT ARE ALLOWED 
TO SLIDE AXIALLY AT LOWER END 
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Fig. 9.—Wrap form- 
ing of the fuel can. 
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Ratcheting of the UO, pellets within 
the cans is prevented by chamfering the 
ends of the pellets so that an annular 
depression is formed in the can wall 
between neighbouring pellets when the 
completed rods are subjected to external 
hydraulic pressure. Fig. 6 illustrates this 
effect. 

The fuel rods are fixed at their upper 
ends below the upper neutron baffle 
which is part of the fuel element 
assembly, and are free axially at their 
lower ends, the inactive large diameter 
centre rod having attached spacing fingers 
which ensure that the fuel rods remain 
parallel to it. 

A cavity is provided at the upper end 
of each rod for fission product gases. 
Fig. 2 (overleaf). 
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Fig. 10.—Heat transfer from 12 rod tele- 

phone dial fuel element 8 ft long. Curves 

for nominal maximum surface temperature 

=680°C. Axial shape sinusoidal, form 

factor = 1.38. Inlet conditions 536°F 
(280°C.), 800 psia. 


A dial type element has been chosen in 
preference to the more familiar bundle 
type of element partly because the flux 
pattern in the rods, and thus fuel burn-up 
economy, is improved as described later 
in discussing the core physics, partly 
because satisfactory heat transfer con- 
ditions in a bundle are almost certainly 
more difficult to obtain and certainly 
more difficult to predict, and partly for 
safety reasons mentioned later. 

The thermal performance of the fuel 
channel was calculated using a correla- 
tion for superheated steam flow in an 
annulus thus:— 


Nu; = ‘0214 (Re, (Pr)us 


Where Nu=Nusselt No., Re=Rey- 
nolds No. and Pr=Prantdl No. A step 
by step method was used evaluating the 
heat transfer coefficient at 100 points in 
the length of the channel. Thus the 
problem of evaluating a mean heat trans- 
fer coefficient for the whole channel is 
avoided. Channel pressure drop was 
evaluated in the usual way but including 
an acceleration term due to the large 
temperature rise along the length of the 
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channel. The friction factor (f) was 
evaluated from 
f=-046 (Re)-” 

Results of these calculations are 
summarized in Fig. 10. Curves here are 
drawn for a nominal maximum surface 
temperature of 680°C. Corrosion testing 
has been carried out at 800°C and the 
120°C margin between the two is to 
allow for peaking factors due to uneven 
flow in the steam passages. 

The gagging will be fixed throughout 
the life of the core and thus has to be 
arranged so that at no time do either 
maximum surface or steam outlet tem- 
peratures exceed certain prescribed 
values. Setting the gagging thus involves 
a knowledge of the flux shape throughout 
life. Preliminary calculations show that 
a mixed mean outlet temperature of 
970°F can be obtained with the maximum 
rated channel operating at 0-75 MW and 
980°F outlet. It can be seen that this 
can be achieved with a fin height of 
‘067in and pressure drop of 18 psi, 
corresponding to a channel diameter of 
2:93 in. 

For given inlet and outlet conditions, 
given maximum surface temperature and 
heat generation per unit length, variation 
of channel lengths inversely affects the 
fin height with very little change of 
pressure drop. Manufacturing problems 
suggest a minimum fin height of -06 in to 
‘07 in, thus determining the 8 ft channel. 
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Fig. 1.—Fuel chan- 
nel and end shield 


















Fig. 2.—Fuel channel upper end 
= Sa with control tube and elements. 
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Pressure Tubes 


E reactor calandria tank, Fig. &, 

(page 239) is a vertically disposed 
cylinder, containing the heavy water 
moderator at atmospheric pressure, and 
its flat ends are pierced by 90 identical 
pressure tube assemblies. These tubes 
carry the steam coolant through the core 
region from top to bottom, and are 
charged from the top with the 12 rod 
“telephone dial” type fuel-element 
assemblies already described, hanging 
from the upper ends of the channels, at 
the outer end of the upper shield. The 
elements are prevented from moving 
axially by the charge plugs. 

Fig. 8 (page 239) shows this arrange- 
ment in broad outline. Fig. 1 shows the 
upper end of a single pressure tube 
assembly in detail, and Fig. 3 shows the 
lower end. Fig. 2 shows all the salient 
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features of a fuel channel including the 
insulation arrangements for the cold pres- 
sure tubes, and the upper end of the 
active section of a fuel element, with 
fission product gas space. 

The outer pressure containing tube in a 
24°% Mg aluminium alloy, has an outside 
diameter of 4:2 in and a wall thickness of 
‘187in. Maximum hoop stress, due to 
800 psi internal barrier gas pressure, is 
3-8 t/in?; and it is estimated that this 
will give a specific creep strain of 0-08% 
in 100 000 h (ref. *). 

The barrier gas, carbon dioxide, is 
contained between the inner wall of the 
aluminium calandria tube and the outer 
wall of a 2:93 in bore stainless-steel tube 
assembly which is located within the 
aluminium tube, and it is pressure 
balanced to steam outlet pressure, so that 
the maximum pressure difference across 
the barrier tube occurs at the upper cool 
end of the channel, and is equal to the 
steam pressure drop through the channel. 

This arrangement allows the steel 
assembly to be 0-015 in thick in the core 
region, for neutron economy reasons. 
The material is the same as that used for 
the fuel cladding. 

The end tube sections which are of 
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thicker material, are welded to the centre 
section, and extend from the calandria 
tank upwards and downwards respec- 
tively through the end shields. 

The lower tube section is connected by 
a bellows to the barrier tube to accom- 
modate the barrier tube longitudinal 
expansion which is about 0-75 in. As the 
bellows is at the outlet end of the channe! 
there is no pressure difference across it. 
Fig. 3 shows this feature. 

The inlet and outlet tubes are attached 
to the aluminium calandria pressure tubes 
by a mechanical joint in which the 
aluminium tube material is forced down 


Fig. 4.—Calandria tube 
joint. 


Fig. 3 (Left)—Fuel channel 
and end shield bottom end. 
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into annular grooves in the external sur- 
face of the steel pipe by an internally 
tapered sleeve tool, which is drawn over 
an initially projecting land on the outer 
surface of the aluminium tube. Tests 
indicate that this joint is well able to 
withstand the 800 psi pressure difference 
of the barrier gas to atmosphere across 
it, and also the imposed structural loads. 
Fig. 2 shows the joint in detail, and 
Fig. 4 is a photograph of a test sample. 
Similar test pieces have been thermal 
cycled under conditions in which the 
inner steel pipe has been raised to 550°C 
while the outer aluminium tube has been 


Fig. 5 (Below).—Horizontal section through reactor. 
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Fig. 6.—Lattice cell cross section. 


immersed in water at 75°C. Subsequent 
leak tests at 1400 psi have been com- 
pletely satisfactory. 


Ceramic Barrier 


In the region where the pressure tube 
assemblies pass through the reactor core, 
the space between the thin steel barrier 
tube and the aluminium pressure tube is 
occupied by an annular container which 
is packed with granular magnesium 
oxide, open to barrier gas pressure. 
Magnox sheet is used for the walls of 
this container. Fig. 11 shows a repre- 
sentative length of insulation jacket made 
in this way, which has been used in a heat 
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transfer test rig. As there is only a small 
radial clearance between its inner wall 
and the barrier tube, a failure of the 
barrier gas pressure would cause the 
barrier tube to expand on to the mag- 
nesia filled magnox container, which 
would then transmit coolant pressure to 
the aluminium calandria tube, as would 
a sand bag. The -015in thick barrier 
tube is well able to accommodate the 
small amount of elongation (about 14%) 
required. 

The insulating and load-carrying pro- 
perties of granulated magnesia are good’ 
and in the event of failure of the 
barrier gas pressure, it appears that heat 


| Fig. 7 (Left).—Calandria tank. 
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transfer from the coolant channel to the 
moderator should not become excessive. 

The pressure tube assemblies are fitted 
individually to the completed calandria 
tank in much the same way as a con- 
denser is tubed, and the water joint at 
the tank ends is similar to that already 
described between the pressure tube and 
its internal steel assembly. Both joints 
are shown in Figs, 2 and 4, the forming 
sleeve in this latter case being pushed 
down between the aluminium tube and 
the steel inlet or outlet tube. 

No special provision is made for longi- 
tudinal differential expansion between the 
calandria tubes, or between the tubes and 


Fig. 9 (Below).—Inlet steam connections. 
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the tank, as no transverse temperature 
difierence across the tank is anticipated. 
However, the calandria tank suspension, 
as described earlier, does not prevent 
some deflection of the bottom flat wall 
if a temperature pattern is established in 
the heavy water which makes some small 
zonal difference to pressure tube lengths. 

A spiral neutron baffle, placed within 
the bore of the outlet tube, corresponds 
with a similar feature within the inlet 
tube. In the latter case, however, it is 
an integral part of the fuel element 
assembly. 

Calandria pressure tube assemblies are 
complete and pressure tested before being 
fitted to the calandria tank. They can be 
replaced individually if this should be 
necessary for any reason, after the reactor 
core has been fully assembled in its steel 
shield capsule, by trepanning away their 
ends at their tank end plate junctions. 


Barrier Gas System 


There is no gas flow in the barrier gas 
space between the aluminium calandria 
tube and the stainless steel fuel channel 
and the pressurizing gas is admitted 
through a grid of small-bore pipes which 
is attached to the lower steam outlet 
tubes at the connection shown in Fig. 3. 

Twenty-four pipes are required with 
an average of eight tee connections on 
each pipe for connection to individual 
fuel channels. 


Calandria Tank and Control Tubes 


The aluminium calandria tank contains 
the reactor core and the inner part of 
the reflector which is heavy water. Ninety 
fuel channels and a centre instrumenta- 
tion channel, on an 8 in triangular pitch 
are fitted vertically in the tank, which is 
9ft 6in high and 7ft 6in dia. The 
lattice cell arrangement is shown diagram- 
matically in Fig. 6 and the complete 
lattice in Fig. 5. 

The side walls are -625in thick and 
the end plates, which are pierced by the 
pressure tubes, are 1:Sin thick. Fig. 7 
shows the detail construction of the tank. 
The material is 24% Mg aluminium alloy 
similar to that proposed for the pressure 
tubes. 

Reactivity control is achieved by 
emptying or filling tubes in a lattice which 
is superimposed on the fuel channel 
lattice as indicated in Figs. 5 and 6. 

Groups of six tubes are attached to 
end connections so that complete units 
can be assembled concentric with 31 of 
the fuel channels. These groups, which 
are fitted to the calandria tank before 
the pressure tubes are inserted, form a 
structure separating the upper and lower 
ends of the calandria tank to which they 
are attached by expanded joints of the 
type used for the pressure tubes. 

For control purposes, each group of 
six control tubes has two pipe connec- 
tions at its lower end so that the unit 
of removable moderator water is the 
contents of three control tubes. Thus 62 
control outlet pipes are involved. There 
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Fig. 10.—Charge flask showing refuelling arrangement and six-chamber discharge unit. 





244 


are a further 15 tubes and 6 outlet pipes 
which do not fit in with this grouping. 

It is not proposed to provide dump 
valves for all these outlet positions as it 
is possible to fill a zone of control tubes 
initially, which contains insufficient 
moderator water to make the assembly 
critical when it is filled at the beginning 
of core life, but can be used for reactor 
shut-down when further tubes have been 
filled to make the core critical, and at all 
subsequent times of shut-down through- 
out core life. Only the outlets associated 
with this zone, which is indicated in 
Fig. 5, have large outlet pipes and dump 
valves (Fig. 8). The remaining outlets 
all have smaller emptying valves and all 
control tube groups have small filling 
valves. 

At the top of the control tubes, CO, 
blanket gas connections are made so that 
pressure (14-7 psia) at the free heavy 
water surface is the same in all tubes. 


Steam Header Piping 

Individual steam pipes from a ring 
header lead to each fuel channel below 
the charge plugs at the top of the reactor. 
The arrangement proposed is shown in 
Fig. 9. All connections can be made 
with two layers of pipes. 

No welded connections are made to 
the completed calandria tank assembly, 
and the charge plug junction tees on 
each steam pipe are attached to the ends 
of the fuel channels by belleville washer 
seals of the type discussed later in con- 
nection with the charge plugs. The outlet 
steam connections below the reactor con- 
sist of individual pipes from the fuel 
channels leading to the primary and 
secondary steam generators. 

Approximately 75% of the pipes are 
connected to eight vertical pipes from 
the bottom of the reactor to the top of 
the primary steam generators, and the 
remaining quarter of the total are led 
into a cross connection between the two 
secondary steam* generators. There are 
balance pipes between the two groups, 
and also between the two primary steam 
generators, so that, by using shut-off 
valves, the reactor can operate at half 
power into one only of the two primary 
circuit loops. As no axial access is 
required to the fuel channels below the 
reactor, there are flange couplings 
between the header pipes and the channel 
outlet pipes. Again belleville washer 
seals are used. 


Fuelling 

The reactor core is loaded with fuel 
elements through access plugs at the 
upper ends of the fuel channels above 
the steam inlet pipes. There is an access 
plug to each of the 90 fuel channels. 
The arrangement proposed is shown in 
Fig. 2. 

The lower end of the charge plug can 
be varied in shape to restrict the inlet 
area to outer channels of the core, where 
heat production is lower than in the 
centre channels. 

Sealing is effected by deflecting a belle- 
ville washer so that its inner and outer 
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Fig. 11.—Representative length of insulating jacket. 


diameters make heavy line contact with 
the plug and with the bore of the access 
hole respectively. This is a type of seal 
which has been developed in the U‘S. 
and has been favourably considered for 
use in active reactor circuits. Further 
tests have indicated its suitability for the 
present proposal. 

Discharge of the reactor fuel elements 
is possible after shut-down and after 
reduction of circuit pressure and admis- 
sion of nitrogen to the primary circuit. 

It is proposed to empty and remove 
the top shield circular water tank so that 
a small charge plug handling unit can be 
attached in turn to the access holes at 
the top of the fuel channels. Plugs are 
withdrawn through this unit into a glove 
box, and there is an access plate valve in 
its upper face which can be closed until 
a shielded flask can be attached. 

The flask is lowered into the contain- 
ment vessel through a 6-ft dia. hatch. 
It is traversed across the charge face by 
simple equipment which can be erected 
easily in the reactor room when recharg- 
ing is necessary. Fig. 10 shows this 
equipment and the flask, which has a 
capacity for six complete elements. 

Irradiated elements are drawn up into 
the flask by a hoist incorporated in the 
upper section. The flask is removed by 


crane to a waiting dockside railway 
wagon, on which it is transported to a 
processing plant. Fifteen such flasks are 
required to remove all the elements from 
the reactor, but it is proposed that this 
equipment would be shared by at least 
four ships. 


No shuffling of fuel elements is pro- 
posed and, at the end of core life, all 
fuel elements would be discharged in the 
manner described, so that the fuel chan- 
nels could be inspected before inserting a 
fresh core charge. 


The estimated time for the discharge 
of the 90 fuel channels is 90h. Inspec- 
tion might take 30h, and refuelling 30h. 
New elements would be supplied in 
simple individual unshielded cartridges 
which could be attached to the mouths 
of the fuel channels. 


In this way it should be possible to 
recharge the reactor in under a week. 
As the operation would take place at say 
two yearly intervals, during a general refit 
of the vessel, this time is insignificant. 
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Thermo-compressor 


Theory 
TEAM is circulated through the reactor 
by two thermo-compressors. These 
function by virtue of a high velocity steam 
jet which adds its momentum to a larger 
mass of lower velocity steam, thereby 
raising its pressure. In optimizing the 
thermo-compressor design to give a maxi- 
mum pressure rise at full load for a given 
reactor steam requirement the following 
assumptions are made:— 

1. Simple one-dimensional equations are 
used for the conservation of mass, 
energy, and momentum to the mixing 
tube. 


2. The mixing tube has a constant area 
and is sufficiently long for complete 
mixing of the two steam flows to take 
place before entry to the diffuser. 

3. The optimum length to diameter ratio 
was found to be 8 : 1. 

4. The diffuser included angle was fixed 
ats. 

5. The primary nozzle runs “ choked ” 
at a critical pressure ratio of 1-83. 

6. The diameter of inlet and outlet steam 
pipes is fixed to give a velocity of 
80-100 ft/s and this velocity head 
is ignored in the calculations. 

Figs. 1 and 2 show simplified thermo- 
compressor and circuit diagrams. 
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Symbols :— 
P = total pressure 
p = Static pressure 
A = area 
D = diameter 
L = length 
w = mass flow 
Re = Reynolds Number 
A 
& 
V 
i 
H 


= friction factor 
= acceleration due to gravity 
velocity 
temperature °F 
total heat 
m = mass flow ratio 
Wj + Wie 
v = specific volume 
7 viscosity 
Ap = pressure rise or loss 


Subscripts 
j = primary jet 
j, = auxiliary jet 
a = secondary steam 
m = mixing section 


4 = diffuser outlet 
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Fig. 1 (Above).— 
Thermo-compressor. 
Key: P=total press. psia; 
p = static press. psia; 
A=area in? ; D=dia. in; 
w = mass flow Ib/s ; 
l=lengthin. Subscripts: 
j=jetstream ; a=secon- 
dary steam; m= 
mixing section ; 4 = 
steam outlet main; j2= 
2% jet stream. 


——7ft 7in THERMO-COMPRESSOR SECTION ————-» 





r 





Fig. 2 (Left). —Thermo- 101 BORE 
compressor steam 
circuit. Key: P=total 
press. ; H = enthalpy ; 
T=temp. °F. Subscripts: 
j.3 = jet stream ; 4,6 = 
secondary steam ; 4,5= 
reactor inlet and outlet. 





Equations 
Momentum 
w; Vj; Wyo Vj 
—* +. ( pj— Pa) Aj +—=—* + (pin Pa) Aye 
é & 
Wa Va Wm Vin 
+ ——— + (pa — Pa) Aa = —— 
& 
T (Dm P.) Am T Ap Am. 
Total heat 
Hj Wj > Hj, Wjg + Ha Wa Hin Wm 
Mass 
Wj + Wyg + Wa Wm 
Pressure loss in mixing section 
Wm Din 
Re —_—. 
Am x i 


Re4-2 
Friction factor [8 logio + | 


AXL X(Pm—Pm 
Pressure loss = Ap oe 


Dn 
Momentum loss Ap X Am 
Diffuser pressure recovery 
Am 
Pu P, . 0-2 (Pm md! —- 
A, 


Fig. 5 (Below). — Pressure rise 


ay across thermo-compressor v. sec- 


ondary/primary nozzle area ratio. 

Primary nozzle press. 2 000 psia; 

secondary press. 760 psia ; mass 
flow ratio 3-4. 








Pressure RiseAp psi 





1400 «1 
Primary Nozzle Pressure psia 


Fig. 4.— Pressure rise across thermo- 

compressor y. nozzle total pressure. Mass 

flow ratio range 3-248 to 3-546. Hj= 1220 

Btu/Ib; Ha=1 210 Btu/Ib. Secondary press. 
760 psia. w;=20-6 Ib/s. 
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Fig. 3.—Arrangement of thermo-compressor. 


Design 

The general arrangement of the thermo- 
compressor is shown in Fig. 3. A duplex 
steam nozzle discharges high pressure 
steam into a cylindrical mixing section 
followed by a diffuser. The area of the 
central auxiliary nozzle is 2% of the main 
nozzle area. A third nozzle is provided for 
spraying water into the thermo-compressor. 
The correct geometry is obtained by 
inserting a light steel structure into an outer 
pressure pipe. 


Performance and operating characteristics 


The effect of changing the important 
parameters governing the thermo-com- 
pressor performance is as follows: (a) Given 
an optimized design the effect of raising 
the primary nozzle pressure is to increase 
the pressure rise obtained rapidly up to a 
maximum point at 2200psi nozzle 
pressure. Beyond this point the pressure 
rise falls off slightly. See Fig. 4. (6) With a 
fixed primary pressure of 2 000 psia and a 
mass flow ratio of 3-4 the optimum nozzle 
area ratio A./Aj at full load is 12 to 13 with 
a rapid fall off below 12, due to increasing 





Mass Flow Ratio 


Fig. 6.—Pressure rise across thermo-compressor 

v. mass flow ratio. Optimized for a mass flow of 
| | } 3-4. Nozzle pressure 2 000 psia. Hj 1 220 Btu/Ib; 
Ha 1 210 Btu/lb. Secondary pressure 760 psia. 


wi = 20°6 Ib/s. 
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Fig. 7.—Performance of shutdown 
nozzle. Jet steam pressure 2 000 psia; 
secondary pressure 760 psia. 


velocity in the mixing section and a more 
gradual fall at ratios over 13, due to in- 
increased mixing losses (Fig. 5). With 
increasing primary pressure and a fixed 
secondary pressure the optimum ratio 
increases. (c) Increasing the mass flow ratio 
over the optimized ratio causes a very rapid 
fall off in pressure rise at full load due to 
increasing velocity in the mixing section and 
rapid approach to a “ choked ”’ condition. 
The reduction in the mass flow ratio below 
the optimum results in a steady increase in 
the pressure rise (Fig. 6). (d) The perform- 
ance of the auxiliary nozzle is shown in 
Fig. 7. With a 2% nozzle, 16% of the full 
load flow can be circulated, and this is 
increased with larger nozzles, but the avail- 
able steam reserve will be used up more 
rapidly and the flow of the 2% nozzle is 
adequate. 
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Fig. 8.—Thermo-compressor tests. 90%, 

primary nozzle pressure 1 800 psia at 

full load ; 10% auxiliary nozzle pressure 

1800 psia; secondary nozzle pressure 
570 psia. 


Experimental Work 


Tests were performed on a scaled down 
thermo-compressor having a flow rate of 
approximately one-eighth of the full size 
unit and working with a primary pressure of 
1 800 psia, secondary pressure 570 psia and 
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a 10% auxiliary nozzle. The load was 
trimmed down to 10% of full load on the 
90% nozzle with full pressure on the 10% 
nozzle. 

Fig. 8 shows experimental results at 
various loads with increasing mass flow 
ratios and the results agree very well with 
theory except for an earlier fall off in com- 
pression ratio at full load. The disagree- 
ment is due to the reduction in diffuser 
efficiency at higher Mach numbers, not 
included in the simple theory employed. 
This fall off in performance would be 
restored if the mixing section area were 
increased to reduce the Mach number at the 
diffuser inlet, without having much effect 
on the pressure rise due to increasing the 
area ratio Aa/A; (Fig. 7). The experi- 
mental thermo-compressor was built and 
tested by Foster Wheeler, Ltd., at a CEGB 
power station. 


Start-up Circulator 


For start up and stand by circulation of 
steam, a water spray pump is built into the 
thermo-compressor. Water at saturation 
temperature is pumped from a hot well at 
the bottom of the thermo-compressor 
diffuser outlet pipe, through a spray nozzle 
in the primary nozzle assembly down the 
mixing section. The momentum of the 
water spray can maintain a flow of approxi- 
mately 2% in the primary coolant circuit. 
An experimental pump in which water was 
sprayed into a 4:5 in vertical air duct has 
demonstrated the practicability of the 
system. 


REFERENCE 
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Reactor 


General Considerations 


In considering the behaviour of 
neutrons in this marine reactor system, 
it is helpful to begin by enumerating the 
criteria which must be met during opera- 
tion. These are: (a) At all stages during 


‘the reactor life, the power distribution 


must be shaped so that the integrity of 
the system is ensured. For example, 
as the entire reactor fuel charge is 
replaced at the end of each fuel cycle, 
allowance must be made for the local 
changes in power output in the core as 
the fuel is depleted so that hot spots 
are not developed. About 45% of the 
fissile material in the core is consumed 
during operation; because it is undesir- 
able to alter the channel gagging during 
life, the radial flux shape must be care- 
fully adjusted as burn-up proceeds in 
order to obtain maximum _ thermal 
efficiency. (b) Adequate control must 
always be provided to balance the initial 
investment of fuel for burn-up and to 
allow the maximum reactivity loss due 
to xenon poisoning following shutdown 
to be overcome at all stages in life. (c) 


Physies 


The materials of the core must be chosen 
and arranged in such a way that the 
temperature coefficients of reactivity do 
not lead to unstable characteristics; the 
magnitude of the fuel temperature 
coefficient determines the ability of the 
system to follow rapid load changes with- 
out operator intervention. In contrast 
to many water moderated systems, the 
moderator of the SCHWR is thermally 
insulated from the coolant and the 
moderator temperature coefficient does 
not influence the short-term transient 
behaviour of the reactor. (d) When the 
engineering requirements (acceptable 
surface temperatures, power shapes, etc.) 
allow a choice of parameters, this must 
be done so as to minimize the cost of 
building and operating the reactor. This 
optimization is a tedious process and 
cannot be obtained by a straightforward 
appeal to intuition; for example the 
pitch for minimum fuel cost does not 
correspond to the pitch which gives 
minimum enrichment for a_ given 
reactivity. Finally, (e) as the reactor is 
designed for use in a marine environ- 


ment, the physics of the system must be 
arranged so that complete flooding with 
light water does not increase reactivity 
at any stage of life. 


The control requirement (b) above is 
probably the overriding one in this study, 
for it specifies limits to the ratio of 
moderator to fuel atoms (and thus the 
neutron economics) in the reactor. For 
a given power output and channel 
length, the number of fuel channels in 
the reactor can be guessed fairly 
accurately; the design study was begun, 
then, by considering the reactivity of a 
system using a fixed number of fuel 
channels as a function of lattice pitch. 


Fig. 1 illustrates the result for a fuel 
enrichment of 3%; it can be seen that 
the reactivity with all control tubes 
drained is well below keg =1 for all the 
pitches examined. In this example the 
enrichment chosen is that required to 
give sufficient initial reactivity to achieve 
an economic life (see later) at a 
pitch of about 7in, and the control tube 
size is about the largest which can con- 
veniently be accommodated in the lattice. 
Reactivity curves at different enrichments 
behave in a similar fashion. A _ cross- 
plot of Fig. 1 to illustrate the rate of 
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REACTOR PHYSICS > 
Table 1 
Effect of flooding coolant channels with light water Fg | 
19 rod bundles od oe r 
‘ Non-leakage : 
| , f m€ | probability | ine = 
“Unfioodad —.. | 0854 | o@a8 | 1-778 | 0896 1208 | — me 
Flooded as | 0-888 0-837 1:778 0-936 1:237 | +2:4% 10) 
12 rod dials Bes 
8 
Non-leakage 4 
P f hs probability kett ikeft 
Unflooded ee 0-882 0-865 1:778 0-896 1-215 — 
Flooded .. | 0-907 | 0-793 | 1-778 0-927 1-185 25%] , 1m | 
“0 10 20 KY) 40 50 60 
e e V_ Holes 
Water Fraction =\ V-Waerxv Holes} % 


reactivity loss with water fraction is 
given in Fig. 2. Clearly then, the 
choice of reactor pitch in the range 6 in 
to 10in is not restricted in any way by 
the requirement to be able to reduce 
reactivity by draining convenient 
amounts of moderator. As can be seen 
in the following article the choice of 
reactor pitch is determined to a major 
extent by economic considerations. This 
freedom of choice is due largely to the 
ability of neutrons to migrate freely in 
the D,O with a very small capture prob- 
ability. 


Fuel element physics 

Initial considerations of ease of manu- 
facture, high strength resistance to corro- 
sion, resistance to irradiation damage 
and heat transfer fix the basic fuel 
element design as oxide rods of about 
4in to $in diameter canned in stainless 
steel. Moreover, the rods must be 
grouped in multiple clusters to avoid the 
high capital charges and _ resonance 
neutron losses which occur in a single 
rod per channel design. Suitably sym- 
metrical designs for cylindrical channels 
are bundles of 7, 19, 37, or 61 rods, or 
alternatively rings of rods surrounding 
a central non-fuel-bearing fixture (so- 
called telephone dial elements). For the 
power output considered, seven rod 





Lattice Pitch (Inches) 


Fig. 1.—Effective multiplication constant. 
3% enrichment. 12 x 0-5 in rods. 


Fig. 2.—keg versus water fraction. 


bundles lead to rather large numbers of 
fuel channels and high capital costs, 
whilst the small number of channels 
obtained by using 37 rod bundles leads 
to loss of flexibility in arranging the dis- 
position of heavy water in the system, 
and thus to rather sharp discontinuities 
in channel power output over the reactor 
volume. The choice is thus restricted 
to either 19 rod bundles or “ telephone 
dials.” 

A major advantage of the dial fuel 
element lies in the safety of the system. 
As the reactor system is designed for a 
marine environment, one must consider 
an ultimate accident in which the core 
is flooded with light water. In the dial 
fuel element, the mass of uranium per 
D,O molecule is much smaller than that 
in a 19 rod bundle at the same lattice 
pitch, and the resonance escape proba- 
bility higher. As the major effect in 
flooding is to increase the resonance 
scattering per uranium atom due to the 
presence of hydrogen in the lattice, the 
fractional increase for dial elements is 
smaller than that in bundles. In addition, 
changes in the flux fine structure and 
absorption in the light water turns out 
to be a larger effect in dials than in 
bundles, so that the overall reactivity 
effect consequent to flooding is negative 
for the dial arrangement. These changes 
are illustrated in Table 1. 

The radial power distribution in a 
19 rod channel obtained in the P, trans- 
port approximation is shown in (a) Fig. 3. 
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Fig. 3 (Right).—Flux distribution 
in a lattice cell. 


Neutron Fiux 


=} 





It can be shown that the centre seven rods 
(37% of the uranium content) produce 
only 20% of the channel power output 
due to the flux depression across the 
bundle. If we now replace the centre 
seven rods by a magnesium oxide rod, 
leaving a 12 rod telephone dial element, 
the radial power distribution of (b) Fig. 3 
is obtained. It is now found that for the 
same maximum local rating, the power 
output from this channel is 80% of the 
19 rod channel although the “dial” 
contains only 63% of the 19 rod fuel 
mass. Because we are concerned in pro- 
ducing a fixed power output, we can, 
therefore, reduce the total fuel invest- 
ment by some 21%, and thus make 
appreciable savings in fabrication costs. 
Although for a given fuel tube diameter, 
the amount of parasitic cross-section 
(due to the steel barrier tube) per 
uranium atom is increased by adopting 
the dial design, the increase in average 
flux in the fuel relative to that in the 
barrier tube tends to compensate for this 
effect. As the characteristic flux shape 
in the dial results from the low absorp- 
tion in the centre, it is found that the 
flux shape is very insensitive to the 
scattering cross-section of the material 
used in the central feature. There is thus 
a fairly wide choice of materials for this 
element; MgO is chosen for convenience. 

For a given fuel pellet diameter, it 
can be shown that the thermal utilization 
of the telephone dial arrangement is very 
insensitive to variation in the number of 
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rods in the dial in the range 10-20 rods. 
This can be understood intuitively by 
noting that the thermal neutron mean free 
path in the reactor is of the order of 
three times less than the radius of the 
dial, thus the neutron diffusion behaviour 
near the dial is similar to that near a 
straight row of rods and has only a very 
weak dependence on the dial radius. On 
the other hand, decreasing the radius of 
the fuel rods increases the amount of 
steel per uranium atom without altering 
the ratio of surface to average flux in the 
rod appreciably and produces a steady 
decrease in thermal utilization. Thus, for 
a given pitch, there is a strong physics 
incentive to use the largest convenient 
rod size in a dial of 10-20 rods. Within 
this range, however, there is no signifi- 
cant variation in the product pf. The 
choice of 124in dia. rod dials in this 
system leads to conveniently symmetrical 
core designs and pressure tube sizes 
which are easy to manufacture; but a 
change to 10 or 14 rods in the dial would 
have only trivial effects on the economics 
and physics of the system. 

A final feature of the dial element is 
that for a given maximum local power 
in the fuel, the average power is higher 
than that in a bundle. Thus for a given 
local burn-up the average fuel life must 
be longer. In the present arrangement, 
the average fuel power is 20% higher 
than that obtaining in a 19 rod bundle of 
the same maximum local power output. 

Figs. 4 and 5 illustrate thermal flux 
patterns round the circumference of a rod 
and in a fuel rod. It will be observed 
that the maximum deviation from the 
mean is only about 15% around the 
circumference; in addition all rods in the 
dial are subject to the same neutron flux 
and heat flux in normal operation. 
Draining moderator in an asymmetrical 
way around a fuel channel may produce 
some asymmetry in the dial power out- 
put, but this is not expected to be a major 
effect. 


Temperature Effects 

During a temperature transient, the 
following events have influence on the 
reactivity: (a) The resonance absorption 
in the fuel increases due to Déppler 
broadening of the resonances as the 
fuel temperature increases, and (b) the 
moderator temperature increases very 


slowly as heat is conducted and radiated 
across the barrier tube and insulation. 
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Fig. 4. (Left)—Thermal 
flux distribution around 
a fuel rod. 


Fig. 5. (Right)—Iso-flux lines 
within a fuel rod. 


Of these effects, only (a) is of 
importance in short-term transients, and 
leads to a negative reactivity coefficient 
which is directly associated with the fuel 
temperature and occurs with a time 
constant of the same magnitude as that of 
the fuel. 

At the start of life, when most of the 
moderator tubes are empty, the fuel 
temperature coefficient is calculated to be 
—3-6 xX 10-5/°C. When all the moder- 
ator tubes are full (corresponding to 
end of life) the fuel coefficient is 
—1:3 x 10-5/°C. 

The larger value obtained with the 
moderator tubes empty is due to the 
increased loss of neutrons in resonance 
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Fig. 6.—Power flattening through life 
for moderator controlled reactor. 


capture and leakage in this case. The 
moderator coefficient is also negative at 
start of life with a value of about 
—3-5 x 10-4/°C; no accurate estimate is 
yet available for the end of life condition. 


Flattening, shutdown 
conditions 
The reactor design does not allow the 
channel gagging to be altered during life, 
thus, in order to obtain the maximum 
efficiency from the reactor, we must be 
able to alter the power shape so that the 


rating of a given channel remains as near 


burn-up, and 








June, 1961 


4-0 


(INCHES) 


on 


180° 


constant as practicable throughout life. 
In principle, of course, a perfectly “ flat” 
flux fulfils this ideal inasmuch as the fuel 
depletion is uniform radially and does not 
alter the flux shape, however, unless we 
alter the radial fuel density as well, this 
arrangement is rather difficult to achieve. 
A secondary purpose in flattening is to 
increase average burn-up of the fuel; 
unfortunately, in direct contrast to base 
load power station practice, increasing 
burn-up beyond about 8,000 MWd/t does 
not offer a substantial decrease in 
operating costs. This point is amplified 
in the following article. 

The moderator control system has the 
advantage that, with a reasonably large 
number of control tubes (about 200 in this 
case) the radial flux may be considerably 
flattened without a large disturbance of 
the axial flux shave. A simple _pro- 
gramming of the moderator in a typical 
design by use of the control tubes is 
illustrated in Fig. 6. In this example the 
reactor has been divided into two radial 
regions, the moderator tubes are all empty 
in the inner region and all full in the 
outer region. The boundary between the 
two regions changes position as burn-up 
proceeds. The core illustrated is a very 
poorly reflected one; it will be observed 
that even at the worst stage of burn-up the 
ratio of radial maximum to average 
power is only 1-45 compared with a value 
of 2:3 for a uniform bare core, This 
method of flattening can be improved by 
using regions in which there are mixtures 
of full and empty tubes, work is 
proceeding in this way. 

Although the spatial flux distribution 
fluctuates during life, sufficient control for 
shutdown can always be exerted by having 
a “fast-dump” series of tubes placed 
between, for example, a radius of 0-4 and 
0-8 of the reactor radius. 


Safety 


The safety of any reactor system 
depends on the inherent design features 
as well as the mechanisms provided to 
reduce reactivity deliberately. We have 








mn 
or 
ng 
ed 


nd 


es 
to 
ve 





June, 1961 


already discussed the inbuilt safety 
against water flooding provided by the 
dial fuel element and the negative 
temperature coefficient which responds 
rapidly to changes in fuel element tem- 
perature. The final feature of interest 
is the way in which reactivity can 
deliberately be reduced in order to meet 
unforeseen contingencies or the normal 
operating requirements. 

The control system as_ presently 
proposed is capable of reducing reactivity 
to about key =0°73. The 198 tubes 
are divided into a fast dump set of 54 
tubes and a set of 18 used for fine 
control and 126 used for flux shaping 
and slow shutdown. 

It is of course, impossible to state a 
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control worth of a particular tube with- 
out reference to the state of the reactor. 
Bearing this in mind, we can say, how- 
ever, that the dump tubes exert a 
reactivity control of about 17%; and the 
fine control tubes about 6%. The 54 
dump tubes are ganged together to dump 
through 24 independent valves, all the 
remaining tubes drain through 44 inde- 
pendent valves (see Fig. 5, page 241). The 
system uses the largest tubes which can 
be made to fit the lattice and errs on the 
pessimistic side; even if half the dump 
valves stick shut, it is still possible to 
exert a reactivity control of some 8% 
by fast dump. Reactivity is lost in these 
circumstances at a rate of about 1% per 
second. Due to the construction of the 
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tubes, even if the ship turns turtle, the 
moderator can still be drained. 

In normal operation, the dump tubes 
are filled first (bringing reactivity at the 
start of life to about keff =0-91), and 
the required reactivity and flux shape is 
then obtained by filling the fine control 
and flux shaping tubes. At the start of 
life nearly all of the tubes inside the 
dump ring will be empty, and about one 
third of the remainder filled towards the 
end of life, most of the flux shaping tubes 
will be filled, leaving enough reactivity 
in hand to override maximum shut-down 
xenon poison. It can be shown that in 
the ultimate accident when the reactor 
sinks, and fills all the tubes and fuel tubes 
with water, that reactivity is always < 1. 





Fuel Eeonomies 


Influence of the Design Parameters 


HE cost of running a marine reactor 

of this kind is composed essentially 

of:— 

(1) Amortization of the capital cost 
of the fuel consumed (including credit 
for any plutonium produced). 

(2) Interest rates on this fuel charge 
and the cost of the fuel required to 
keep the reactor critical throughout 
life. 

(3) Amortization of the heavy water 
costs. 

(4) Amortization of the fabrication 
and processing charges and interest 
rates on the fabrication charges. 

For a given burn-up, (1) and (4) are 
essentially fixed charges. In _ these 
systems the conversion factor is relatively 
low, so that the total U*’ consumed “is 
mainly determined by the requirement to 
achieve a given number of megawatt days 
operation and thus does not vary rapidly 


from one design to another. The fuel 
enrichment required to maintain criticality 
through life falls rather slowly with 
increasing pitch due to the improving 
neutron economy; so that the total 
charges for fuel of the correct enrichment 
to achieve a given burn-up tend to 
decrease steadily with increasing pitch 
(see Table 1). . 

On the other hand, as the number of 
fuel channels is fixed, the charges for 
heavy water rise steadily as the lattice 
pitch is increased. The conversion factor 
decreases with increasing pitch, so also, 
then, do the credits for plutonium pro- 
duced. Thus the total fuel cost passes 
through a shallow minimum at about a 
lattice pitch of 7in (Fig. 1) and deter- 
mines the lattice pitch to be used. 
Providing that the necessary engineering 
feasibility requirements can be met, the 
choice of lattice depends mainly on the 
economic data used. Tables 1 (a) and 
(b) show how the optimum lattice pitch 


changes with choice of fuel cost data, the 
first figures relating to current prices. 

It is important to note that absorption 
in the heavy water accounts for less than 
49% of the neutron losses; the neutron 
captures being shared between the fuel, 
canning, barrier tubes and pressure tubes. 
As all of these items are in close physical 
juxtaposition, small changes in the fuel 
channel design, and thus the neutron flux 
fine structure, do not make major changes 
in the neutron economy. 


Selection of Burn-up and Rating 


In selecting the burn-up to aim at, two 
factors are of importance. On the one 
hand, as the fabrication and criticality 
fuel costs are fixed for a given lattice, 
high burn-up will produce a low amorti- 
zation rate of these costs. On the other 
hand, high burn-up will increase the 
total interests payable on the fuel cost. 
One finds, then, that the running cost 
decreases at first with increasing burn-up, 



























































Table 1 (a) Running costs of 12-rod element SCHWRs Table 1(b) Possible future r g costs 
Fuel investment = 3-088 uranium (£1 000s) 
Lifetime with full xenon override = 1-66 years (10 000 MWd/t average) 
Utilization = 310 days per year , , ; 
Lifetime including reprocessing hold up (interest lifetime) — 1-93 years ' Lattice Pitch (inches) 
tem 
P 6 7 8 9 
Costs in £1 000s — 
1 | Cost of fuel as UFs 452 260-5 | 222 211 
2 | Credit for reject fuel 321 130-5 | 94 83 
Lattice Pitch (inches) 
Item 3 | Cost of fuel consumed a a os | Uae 130 128 128 
6 7 8 9 4 | Fabrication cost ee es 31 31 31 31 
5 | Interest on fuel cost .. - és F 52:5} 30-2} 25-8] 245 
1 | Cost of fuel as UFs at correct enrichments... | 646 372 317 302 6 | Interest on fabrication cost .. 41 41 41 41 
2 | Credit for reject fuel at a enrich- 7 | Reprocessing and — processing (as 
ment es .. | 459 186-5 | 134-5 | 119-5 above) as 46-1 43-2) 41-8) 41-1 
3 | Cost of fuel consumed (1)-(2) 187 185-5 | 182-5 | 182-5 8 | Total debit 264-7 | 223-5 | 200-7 | 198-7 
4 | Fabrication cost (b) 61-8} 61:8) 61:8] 618 9 | Plutonium credit 61-9} 461) 37:7| 33-5 
5 | Interest on fuel cost (1) for 1: 93 years (a) . 75 43-1 36:8} 35-0 
6 | Interest on fabrication charge (4) for 1 93 10 | Total cost 202-8 | 177-4 | 163-0 | 165-2 
years (c) me ae we Pv és 8-2 8-2 8-2 8-2 
7 | Reprocessing and other miscellaneous 11 | Annual fuel cost 7 “<a ot wo | Van 107 98-2 | 99-6 
charges (d) .. os “a FH he 35 35 35 35 12 | Annual heavy water charge .. ae eh 10 17 25 35 
8 | Plutonium processing cost a 11-1 82| 679] 6:06 
13 | Annual running costs (£1 000s) es so hae 124 123 1346 
9 | Total debit (4 O+E)+O+M+@) - 378-1 | 341-8 | 331-1 | 328-6 
10 | Credit for plutonium 88:2] 66 53-9| 47-8 14 | Annual running costs (pence per s.h.p.h) .. | 0-214 0-2 | 0-199 0-218 








11 | Total cost ((9)—(10)) . 
12 | Annual fuel cost 
13 | Annual heavy water charge (e) 


289-9 | 275-8 | 277-2 | 280-8 
174-5 | 166 167 169 


10 




















17 25 35 





14 | Annual running charge ((12)+(13)) 


184-5 








15 | Annual running cost (pence pers.h.p.h) .. 











0-298 | 0-295} 0-31 | 0-330 

















Notes 


(a) Interest at U.S.AEC rate of 4% p.a. + 2% insurance. 

(b) Rolls-Royce estimate for spiral finned steel clad elements of the type described. 

(c) Interest at 6% p.a. + 2% insurance. 

(d) Including conversion for hexafluoride, and losses in processing. 

(e) Cost at £10/lb amortized at 15% » a. allowing for make-up and insurance. 
Cost data from Nucleonics, 18, 11, 1960. 
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and then passes through a very shallow 
minimum at about 10000 MWd/t (aver- 
age). Fig. 2 illustrates this point. Lower 
interest rates would increase the burn-up 
point at which this minimum occurs, but 
at present interest rates and prices 
there is little incentive to increase the 
metallurgical life of the fuel beyond 
10000 MWd/t. For a given maximum 
metallurgical life, however, the ability to 
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Fig. 1.—Running costs of SCHWR 
versus lattice pitch. 


reach this point by increasing the average 
burn-up by flux shaping is important. 
For a base-load power station, it is 
important to achieve high rating in order 
to reduce capital cost; in other words, 
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extra power produced from a given fuel 
investment can be sold at a profit. In 
the marine context, however, in which a 
fixed power output jis required, similar 
returns for improved rating cannot be 
obtained. The mass of fuel in the 


reactor is usually set by the ability to~ 


transfer heat from the core at a fixed 
maximum power together with a restric- 
tion on the space available for the core. 
An increase in rating, therefore, implies 
a decrease in core size, and is accom- 
panied by an increase in enrichment in 
order to compensate for the consequent 
loss of reactivity. The point is soon 
reached, then, at which savings in total 
fuel investment and fabrication are offset 
by increased enrichment costs. For 
example, an increase in ratio of 20% in 
a 19-rod bundle element achieves a 
reduction in fuel cost of only about 4%. 
Fig. 3 illustrates these remarks. 


Economics of the Reference Design 

Major advances in reducing the cost of 
marine propulsion for this system must 
lie with the fuel technologist and manu- 
facturer rather than the engineer and 
scientist. In particular, although the dial 
concept offers substantial advantages in 
better inherent safety, heat transfer 
(especially in the loss of coolant acci- 
dent), and ease of manufacture, the 
increased rating obtained does not pay 
large economic dividends. 

A set of fuel cost data for the reference 
design is given in Table 1 (a). In this 
table, published U.S.AEC data have been 
used, apart from the cost of fuel fabrica- 
tion. As the reactor under discussion 
would be unlikely to begin operation 
before 1965, it is helpful to consider also 
the economic picture which would be 
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Fig. 2.—Running costs versus burn-up 
achieved. 
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Fig. 3.—Running costs versus rating. 


obtained if a reduction in fuel prices and 
fabrication costs could be made by that 
time. We have chosen an arbitrary 
reduction of 30% in fuel cost and 50% 
in fabrication costs as an_ illustration 
(Table 1 (b)). 

With current oil prices at 120s per ton 
(0°32d/s.h.p.h) it can be seen that 
although present data lead to nuclear 
power running costs which are compar- 
able with oil, a major reduction in the 
cost of enriched fuel is needed to make 
possible a truly competitive marine 
nuclear power system. 


Plant Performance 


NLIKE a water cooled reactor where 
primary coolant circulation rate is 
constant, variation in load on_ the 
SCHWR is obtained by varying the cool- 
ant flow but keeping the inlet and 
outlet temperatures constant. So far as 
the reactor is concerned, a change in 
demand is a change in reactor steam flow. 
Values of temperature coefficients have 
already been stated. The moderator 
temperature coefficient has a negligible 
effect on reactor kinetics because the 
mass of moderator in the core is such 
that the change in heat input with change 
in load would produce only a slow 
change in moderator temperature. The 
separate cooling circuit for the moderator 
can easily be arranged to maintain con- 
stant moderator temperature. 

The fuel temperature coefficient has 
two components, one associated with the 
bulk fuel temperature and one with the 
fuel surface temperature. Although 
these temperature coefficients are small 
in themselves the changes in fuel tem- 
perature with change in load, are 
relatively large. It is the product of 


these two which affect the reactor kinetics 
and in fact produce a pronounced self 


regulating effect. Fig. 1 and Fig. 2 show 
this effect for two values of temperature 
coefficients for a ramp change in reactor 
flow over 15s from 100%-50% and 
50%-100%. 

For changes of this magnitude the out- 
let temperature changes are unaccep- 
tably large and it is necessary to provide 
a control system to reduce them. A 
simple control system has been devised 
and tested on an analogue computer 
using a single point neutron kinetic 
equation with six point heat transfer 


equations. 
This control system simply uses 
reactor steam outlet temperature to 


operate reactor control tube drain or fill 
valves. Fig. 3 shows the limits of such 
an on/off controller. 

The rate of change of reactivity used 
(01%/s) is greater than the rate of 
change produced by any accident con- 
dition (e.g. temporary failure’ of 
moderator coolant pump). With ¢,= 
10°C and k,=4 and a thermometer lag 
of 5s, the reactor response to the ramp 
reduction used before is shown in Fig. 4. 

Using the outlet temperature measure- 
ment in a simple control system of this 





sort to enhance the self regulating 
characteristic of the reactor is a feasible 
way of operation and avoids the use of 
expensive instantaneous neutron flux 
measuring equipment. 
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Fig. 1.—Flow increase 50 to 100% 15s 
ramp typical reactor. 
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Fig. 2.—Flow reduction 100 to 50% 
15 s ramp typical reactor. 


Control of the remainder of the plant 
is arranged to keep steam evaporation in 
step with the demand. The inherent 
thermal time constant associated with the 
steam generator is one of the factors 
proscribing the maximum permissible rate 
of change of demand just as with con- 
ventional steam raising plant. 


Decay Heat Disposal and Scram 
Arrangements 

The separately circulated and cooled 
unpressurized heavy water moderator 
simplifies the problems of disposal of 
decay heat, especially in the long term, 
even under conditions of complete 
electricity supply failure. 

The basic problem falls into three 
sections thus:— 

(a) Disposal of the sensible heat in the 
oxide fuel elements, 0 to 10s. 

(b) Removal of fission product heating 
by both steam and moderator circulation, 
10s to 30 min. 

(c) Removal of fission product heating 
by moderator circulation alone, 30 min 
and above. 

(The times stated are approximate 
times from reactor scram.) 

Each thermocompressor has _ three 
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concentric nozzles, The outer is the 
main nozzle fed with high pressure steam 
(via the control valve), under all normal 
power conditions. The centre nozzle, 
sized approximately 2% is also fed from 
the primary steam generator but via an 
orifice with an area approximately 8% 
of that of the main nozzle. 

The annular nozzle is associated with 
the start-up circulator which is available 
for assisting circulation under certain 
special postulated accident conditions 
(e.g. calandria fracture). Under all 
scram conditions the following valves are 
arranged to close by spring action: 


Main nozzle control, main nozzle by- 
pass, auxiliary nozzle bypass, steam 
generator blowdown, and feed control. 
The main nozzle control valve is 
arranged to close over a period of about 
10s. 


The moderator circuit is shown in Fig. 
5. The moderator is cooled by circula- 
tion of the heavy water in the body of 
the calandria (but not control tubes) via 
a double tube plate sea water cooler by 
two valveless propeller pumps in series. 


Two deck mounted emergency con- 
densers immersed in 10-ton static water 
tanks are connected to the moderator and 
blanket gas circuits. With complete 
failure of circulating pumps the modera- 
tor can boil in the calandria and con- 
dense in these thus causing natural 
circulation of the moderator. The heat 
from the moderator can be removed for 
at least one hour after shut down before 
replenishment is necessary. 
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Between the uranium oxide and the 


moderator there are three separate 
barriers; fuel can, barrier tube, pressure 
tube. Thus there is no possibility of 
fission product contamination of the sea 
from this source. 

The maximum centre and maximum 
surface temperatures of the oxide are 
approximately 2000 and 700°C respec- 
tively. Thus at scram if the approximate 
parabolic temperature distribution were 
allowed to flatten out without heat 
removal, after a scram, excessive surface 
temperatures would be reached, regard- 
less of fission product heating. Fig. 6 
shows that if the main  thermo- 
compressor nozzle control valve is closed 
over 10s to give a linear coolant circula- 
tion reduction a positive surface tempera- 
ture excursion is avoided. 

After this valve has closed, steam flash- 
ing from the primary steam generator 
will continue to supply the 2% nozzle. 
Fig. 6 (page 245) shows that the flow 
through the reactor will be approximately 
18% of normal reactor flow—adequate 
to remove decay heat. Coolant circula- 
tion will continue, though at a steadily 
decreasing rate for as long as flash steam 
is available from the steam drum, that 
is about 30min. During this time some 
fission product heat is removed via the 
coolant and some via the moderator. The 
coolant continuation time required 
depends upon the normal heat loss to 
the moderator. 

During the time the 2% nozzle is 
operating, flash steam enters the 800 psi 
circuit. The 800psi circuit pressure 
will rise and the increased saturation 
temperature will cause a rise in the 
secondary steam pressure. This can be 
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Fig. 6.—Temperature transients after 
scram; coolant pressure 800 psia. 


allowed to blow off thus enabling con- 
densation to occur on the primary side. 
There is considerable water and steam 
capacity in the secondary S.G.’s to act as 
a reservoir if no power is available. 

The thermal resistance of the mag- 
nesium oxide/magnesium alloy insulation 
between barrier tube and cold pressure 
tube can be set by arranging an appro- 
priate ratio of alloy to oxide. Variation 
of this resistance varies both the normal 
heat-loss to the moderator and the 
amount which can be lost from the fuel 
elements with zero steam flow. 

A major advantage of the telephone 
dial arrangement of fuel elements is that 
it considerably increases the amount of 
heat which can be dissipated from the 
fuel elements to the moderator under 
stagnant steam conditions, compared with 
say a 19 rod bundle. Most of the heat 
flow is by radiation so the advantage 
of the improved geometry is clear. 

Experiments have been performed on a 
small bundle and the resuits have been 
interpreted for the 12 rod dial element. 
A relation between fuel element tempera- 
ture, barrier tube temperature and heat 
flux has been experimentally determined 
and used to calculate the heat loss with 
various barrier tube thermal resistances. 
Curve X of Fig. 7 shows the relation 
between the total heat loss under normal 
conditions and under stagnant steam 
conditions. 

After shut-down fission product heating 
decays and at some time will become 
equal to that which can be lost to the 
moderator with stagnant steam. This 
time is the required steam flow continua- 
tion time. Knowing the fission product 
decay curve this time can be determined 
for each point on the previous graph. The 
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resulting curve is A of Fig. 7. It is pro- 
posed to set the normal heat loss 
at 3% and provide sufficient capacity 
in the steam drum to give 30 min steam 
flow continuation time. 

The fission product decay heating 
curve is obtained from ref. 1 with the 
actual contribution from Np?3? and 
U39 added. This curve is used as a 
nominal design curve with a nominal 
maximum surface temperature of 
800°C. 

Underestimation of the fission product 
decay heating values merely means some 
increase in the nominal maximum sur- 
face temperature for a short period under 
the most adverse conditions. The nuclear 
heat input to the moderator is approxi- 
mately 6% of gross reactor power, so 
with 3% loss across the barrier tube/ 
pressure tube insulation the total amount 
of heat to be removed from the modera- 
tor is approximately 9%. 


REFERENCES 
(1) Stehn, J. R., and Clancy, E. F., Geneva Conf. 
Report A’/CONF 15/P/1071 June 1958. Fission 
Product Radioactivity and Heat Generation. 
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Maximum Credible Accident 


AFETY arguments about a reactor 

proposal are of little value unless they 
are in the form of a comprehensive 
hazard analysis. Although presentation 
of an analysis is outside the scope of this 
article, some mention of the salient points 
is appropriate. Decay heat disposal, the 
key to the problem, has already been 
discussed. 

The maximum credible accident is 
the loss of reactor steam flow by sudden 
breaking of a steam main. After frac- 
ture of a reactor inlet steam main, the 
800 psi steam within the primary steam 
generator shell expands through both the 
thermo-compressor throat and_back- 
wards through the reactor. At the same 
time a reactor scram will be initiated 
by a fall in steam pressure. The multi- 
plicity of moderator dump _ circuits 
guarantees that this will happen. The 
reverse flow through the reactor lasts for 
some 10 seconds, which is ample time 
to remove the significant portion of the 
sensible heat within the fuel element. 
Thereafter the high pressure steam 
flashing from the primary steam genera- 
tor through the 2% thermo-compressor 
nozzle induces a small flow of air and 
steam mixture through the reactor core. 
The heat removed by this flow together 
with that transferred to the moderator 
is sufficient to prevent melting of any 
fuel element can. Severe overheating of 
some parts of the core will occur, but it 
seems likely that there will be no fission 
product leakage. The full length fuel 
elements with generous fission product 
gas expansion space at the end ensure 
that excessive internal fuel can pressures 
are avoided. 

Breaking of a reactor outlet steam 
main produces a similar transient, except 
that the initial expansion of the 800 psi 
steam in the steam generator is arranged 


to give a forward flow through the 
reactor by subdivision of these reactor 
outlet steam mains. 

It will be noted that the maximum 
credible accident considered above is not 
likely to result in fission product release 
from fuel elements. However, considera- 
tion has been given to the shielding 
problems involved if 10% of the most 
highly rated cans reach their melting 
point (1 400°C). 

All fission products which are volatile 
at this temperature and which can diffuse 
to the surface of the fuel are assumed 
to escape from the 10% of the total 
number of fuel elements together with 
their daughter products, whether volatile 
or not. 

At containment temperature, all 
fission products then volatile are assumed 
dispersed throughout the containment 
whereas all then solid are assumed 
deposited on the wall of the contain- 
ment. 

If a man adjacent to the containment 
wall were permitted to receive 12 rem 
after such an accident, and if the con- 
tainment consisted of 2 in steel plate, he 
would have to make good his escape 
to a part of the ship where the radiation 
dose is low within 8 minutes. 


Use of 12in of concrete for stabiliz- 
ing the containment under external pres- 
sure reduces this radiation dose by a 
factor of a little over 30. Thus with the 
containment design proposed, even with 
a major release of fission products into 
the containment, this man would have 
250 minutes, or 6 hours, before having 
to leave the vicinity. With this time 
available any operation which might 
have to be carried out close to the con- 
tainment sometime after the accident is 
clearly possible. 
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CERAMICS—Properties 


by G. ARTHUR, B.Sec., Ph.D. (Ceramics Section, Parsons 


Nuclear Research Centre) 


In Nuclear Engineering, April, 1961, pages 138-142 were listed the melting points, densities, 
thermal neutron absorption cross section and thermal conductivities of those ceramics 
considered to be of interest to reactor designers. The various factors determining the thermal 
conductivity of ceramic materials and possible means by which the thermal conductivity 
could be increased were discussed. The following article deals with their thermal expansion 


and mechanical properties. 


KNOWLEDGE of the thermal expansion of materials is 

essential to calculate dimensional changes which will take 
place when reactor materials are raised to their operating tem- 
perature. For example the expansion coefficients of UO, and 
stainless steel are required to determine the fuel-can gap in 
UO,/stainless steel fuel rods. The thermal expansion coefficient 
is an important factor in determining the thermal shock resist- 
ance of a ceramic material, the higher the thermal expansion, 
the poorer being the thermal shock resistance, other things 
being equal. 

Materials expand when heated because the repulsive forces 
produced when two atoms come closer than their equilibrium 
distance are greater than the attractive forces produced when 
the two atoms vibrate apart by the same distance in excess of 
their equilibrium distance. This is illustrated in Fig. 1 which 
shows the variation of attractive and repulsive forces with 
distance between two ions of different charge. The net force 
between the ions is also shown. At r=y the net force is zero 
and this is the equilibrium position of the ions at the tempera- 
ture considered. At distances less than the equilibrium position 
the repulsive forces increase much more rapidly than the 
attractive so that there is a net repulsive force. When ions 
vibrate about their equilibrium positions they vibrate between 
equal energy levels, i.e., at temperature T, they vibrate between 
+4E,, and —AE,. The distance “a” corresponding to 
+AE,, is however greater than the distance ““b” correspond- 
ing to —AE,. The mean atomic distance thus increases and 
the material expands. Thus, for a given ionic substance, if 
the shape of the attraction repulsion curve for its constituent 
ions is known it should be possible to calculate the coefficient 
of thermal expansion. For simple materials such as the alkali 
halides some success has been obtained by this approach! but 
for more complex materials more empirical methods are 
required. 

In covalent materials where the bonds have direction there 
is also the possibility of expansion by means of change in 
bond angle as well as in length. 
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Fig. 1.—Variation of ionic forces with interionic 
distance. 


Expansion of Oxides and Carbides 


Two approaches have been used in an attempt to explain 
the different thermal expansions of materials, the thermo- 
dynamic and the structural. Neither of these has been entirely 
satisfactory but some useful correlations have emerged? 3 4. 
In the thermodynamic approach it is first postulated that the 
stronger the bond between ions the smaller should be the 
thermal vibrations and the expansion coefficient, A correlation 
is then sought between the expansion coefficient and measures 
of bond strength, e.g., heat of formation and melting tempera- 
ture, For metals there is a general inverse relationship between 
expansion coefficient and melting point, e.g. W, «=5 x 10-*, m.p.= 
3 400°C; Cu, «=15x10-*, m.p.=1 083°C and Na, «=71x10-* 
m.p.=90°C. This is also true of the alkali halides and these 
compounds also show a fairly good inverse correlation between 
expansion coefficient and heat of formation. However when 
one considers oxides and carbides there is little relation 
between expansion coefficient and either melting point or heat 
of formation. 

In ceramic materials which have covalent bonding the expan- 
sion coefficient is very much influenced by structure. This can 
be illustrated by considering quartz. a quartz stable below 
573°C has an _ expansion coefficient of approximately 
18-6 x 10-°, 8 quartz stable above 573°C has a slightly negative 
coefficient whilst silica glass has a coefficient of 0-5X10-*® In 
these three materials the heats of formation and bond strengths 
are approximately the same. It has also been pointed out 
that materials isostructural with cristobalite (another form of 
silica), e.g., AIPO, shows the same peculiar expansion behaviour 
even including a large phase change expansion at 250°C. 

In purely ionic materials there is also a relation between 
structure and expansion but this is not so marked as in the 
case of covalent compounds. It has been observed? that 
oxides with a close-packed face centred cubic NaCl type 
structure, e.g., MgO, CaO, FeO and MnO have high coefficients 
of thermal expansion, e.g., MgO, «=13°8x10-°. 

The oxides ZrO, (stabilized), ThO,, UO, and PuO, have all a 
slightly different type of face centred cubic structure (fluorite 
type) and these oxides have very similar expansion coefficients 
(~9-11 x 10-*) but lower than the first group. 

The oxides BeO, Al,O,, MgO . Al,O, and BeO . Al,O, have 
also strong structural resemblances but are more complex than 
the first and’ second groups and these oxides have very similar 
but lower expansion coefficients (~8-5 x 10~°). 

As the structure of oxides and silicates become more complex 
and less close packed the expansion coefficients become pro- 
gressively lower, e.g., mullite (3 Al,O, . 2SiO,) «=5:0x10-° 
andjcordierite (2 MgO .'2 Al,O, . 5 SiO,) «=2°5 x 10-*. 

That such observations are not applicable to strongly covalent 
structures is illustrated by 8 SiC which has a face centred cubic 
structure but the comparatively low expansion coefficient of 
4-5x10-°. However used within their context the rules out- 
lined above are of some use, e.g., knowing the crystal structure 
of PuO, its expansion coefficient could have been predicted 
with a fair degree of accuracy. 

In the case of carbides there is not a great deal of data on 
which to make observations. However the hard metal carbides 
illustrated by WC, TiC, ZrC and HfC which have probably 
mixed covalent and metallic bonding have similar expansion 
coefficients (7-8 x 10—-°). However UC which would be expected 
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Fig. 2.—Thermal expansions of various oxides. 


to behave similarly has a considerably higher expansion 
coefficient (~11 x 10-*). 

The covalent carbides SiC and B,C have moderately low 
expansion coefficients (4-5 x 10~°). 

The linear expansions of various oxides and carbides are 
shown in Figs. 2 and 3 respectively. 


Expansion of Anisotropic Materials 

In the discussion so far it has been assumed that materials 
expand uniformly in all directions. Whilst this is true of 
materials with a cubic structure it is not so in materials with 
anisotropic structures. In such materials the expansion is 
different in different crystallographic directions depending on 
the strength of bonding between atoms. Of the materials listed 
in Table 3 this effect is only significant in graphite and boron 
nitride both of which have similar structures consisting of sheets 
of atoms in hexagonal close packing joined together by weak 
Van der Waal’s forces. In such structures, the atoms in the 
sheets can vibrate at right angles to the sheets in which 
direction the restraining forces are small. There is thus a large 
expansion coefficient at right angles to the sheets and a very 
small expansior or even a contraction parallel to the sheets. 
This is illustrated by the results Nelson and Riley® obtained by 
the X-ray method on natural graphite. 


Temp. range a (in “c” a(in “a”? Mean lin. ex. 

direction) 'direction) 4(G%o+202) 
20-200°C 25 xi9-6 1-35 x 10-° 74x 10-6 
20-400°C 26:2 x 10-© 0-68 x 10-° 8-3 x 10-6 
20-600°C 213 x10-* 0-30 x 10-¢ 9-0 x 10-6 
20-800°C 28-1 x 10-6 0-13 x 10-6 9-6 x 10-6 


The mean linear expansion calculated from these results is 
considerably higher than that obtained in polycrystalline non- 
oriented graphite. Two reasons can be put forward to explain, 
at least qualitatively, this anomaly. First it can be postulated 
that in polycrystalline graphite the large expansion between the 
layers in one crystal is restrained by neighbouring crystals of 
different orientation.”? Also in graphite there is always consider- 
able porosity into which crystals can expand without altering 
the external dimensions of the sample. This latter argument 
cannot be advanced in the case of dense hot pressed boron 
nitride where a similar effect is found. 

In commercial graphites which are produced by extrusion 
there is always some preferred orientation so that the expansion 
is different when measured parallel and at right angles to the 
direction of extrusion. 


Altering the Expansion Coefficient of Ceramics 
In view of the arguments advanced above there seems little 
likelihood that the expansion coefficient of ionic solids can 
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“be altered without a corresponding structural alteration. The 


little experimental evidence available on this aspect does not 
however support the above statement. For example it has 
been observed that solid solutions of FeO. SiO, in CaO. SiO, 
have lower expansion coefficients than CaO. SiO, itself’ 
Additions of SiO, to TiO, also lower than expansion coefficient 
of TiO,.° However in this latter substance there is a consider- 
able amout of covalent bonding so that the effect may be 
caused by alterations in bond angle. 

In materials consisting of one phase dispersed in another 
then provided the matrix phase had the higher expansion, it 
would be expected that the expansion of the composite would 
be the same as the matrix. At high dispersed phase contents 
however, when the matrix ceases to be continuous, a discon- 
tinuous change in the expansion to the value for the dispersed 
phase would be expected. If the dispersed phase has a greater 
expansion coefficient than the metal, e.g., UO, in molybdenum, 
then at low oxide contents and low temperatures the matrix 
may restrain the dispersion so that the overall expansion 
remains the same as the matrix phase. At higher oxide con- 
tents or higher temperatures the matrix would yield plastically 
so that the overall expansion would be proportional to the 
volume percentage of the dispersed phase. The variations of 
expansion coefficient with dispersed phase content expected 
from these arguments are shown in Fig. 4. 

Several investigators: 1° have found that porosity up to 60% 
has no effect on the expansion coefficient. 


Values of the Expansion Coefficient 


Expansion coefficients can be quoted either as the instan- 
taneous value at any one temperature or as the mean value 
over a range of temperature. The latter values are shown in 
Table 1. For most materials the various investigations show 
considerable differences in the results obtained; for alumina, 
quoted values of the coefficient from 20°-1 000°C range from 
7-1 to 9-4. In most cases a weighted mean of the available 
values has been taken. The expansion of graphite however 
varies considerably depending on the amount of preferred 
orientation and the degree of graphitization so that only typical 
values are given. 

The values for UC were obtained on arc-melted material 
containing 4:°8% carbon. Considerably higher values have been 
obtained on sintered carbide. 


MECHANICAL PROPERTIES 
Strength 


The strength of ceramic materials is normally measured in 
a compression or a bend test. In the latter test, as the tensile 
strength of ceramics is much less than the compressive, the 
failure is by tension. Conventional tensile tests are not usually 
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Fig. 3.—Thermal expansions of various carbides. 
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The TABLE 1. THERMAL EXPANSION COEFFICIENTS 
not Mean Value of « in/in°C over temperature range quoted 
has 
10, 20- 20- 20- 20- 20- 
elf.8 300°C | 600°C | 800°C | 1000°C | 1 400°C 7 
‘ient 3 
der- BeO 82 8-4 85 8:6 10-0 a4) (12) (33 (13) (14) = 
eo 
be MgO .. 13-2 13-2 13-2 13-7 14-4 (13) (15) (it) (16) 5 
SLOu..._ »- 69 7-9 8-3 85 89 (11) (15) (16) (10) 
ZrO: (cubic) .. 7-6 9:2 9-7 103 11:3 (15) 5 
ther ZrO: (cubic+ monoclinic)... 6-4 79 79 76 83 | (15) g 
1. it MgO . Al:O ‘ 52 75 8-1 86 9-4 (15) ¢ 
: 3AL:03. 2SiO2 43 52 55 58 _ (17) & 
uld SiO: (fused) . 0:55 0-55 0:55 0:55 —_ (18) x 
ents TiO: a 741 7-7 79 8-3 89 (15) 
$m:03 — ms 10-8 _ _ (19) 
= x es) tiaes 
: Gd:0 _ _ ; - - 
rsed Dy:O; =m ae 8-3 — - (19) — 
ater Tho: 7-0 8-5 89 9-1 9-9 (10) (21) (15) Increasing 
um ve ee ce ea Dispersed Dispersed tt 
trix C graphite 39 | 43 | 45 | = | @5) Component Compenene COmPOnEm 
siete Nuclear 241 26 29 — _ 
; _——-.: - - va + = (26) Fig. 4.—Proposed variation in thermal 
ev SiC (hot pressed+silicon | 3-7 41 42 4-4 46 | (27) (28) expansion of cermets with percentage 
ally impregnated) (1 200) dispersed phase. 
the TiC (hot pressed) 69 71 73 75 8-0 (29) (13) 
ZrC (hot ee —_ 67 —_ — a (29) 
: of SisNs .. = = = 2-5 = (30) 
sted me .. 5-0 5-2 53 55 58 (13) 
Hic — 66 — — _ (31) 
B.N. 2:0 2:0 2-0 2-0 = (32) 
0° uc 10-1 10:7 1141 11-4 = (33) 
2 U:Si 13-4 15:8 175 _ _ (34) 
U3Si: 15:3 15:2 15-0 146 = (34) 
tan- employed because of the difficulty in obtaining uniaxial loading sary because of the presence of residual porosity, However it 
ilue with brittle specimens. The results of bend tests are usually has been found that for thoria and beryllia the relationship 
1 in quoted as the modulus of rupture (=Mc/I) where M is the between strength and grain size follows equation (2) rather than 
10W maximum bending moment, c is the distance from the neutral equation (1) which reduces to 
ina. axis and J is the moment of inertia of the beam section. o=Kd-* (3) 
rom Duckworth, after examining the test, concluded that the results when the assumption is made that cracks propagate easily 
ible obtained from it are a good measure of the tensile strength. through a grain but that a grain boundary acts as an obstacle. 
"ver The compressive strength of a ceramic material is usually of Knudsen“, in examining the available experimental data for 
red the order of 10 times the modulus of rupture. In the case | both ceramics and metals in the brittle range, found that 
ical of graphite the ratio is lower, 3-4, although the results could equally well be represented by an 
Although room temperature ductility has been observed in equation of the form 
rial single crystals of MgO35 normal polycrystalline ceramics only _o=Kd~@ ee 
een show plasticity at high temperatures (>1 000°C). Much has where K and a are empirical constants, the latter being not 
been written about brittle fracture in metals?7-38 and more necessarily equal to b. For thoria he found a=0-4 and for 
recently in ceramics.3? The earlier theories applied to metals beryllia a=0-9.— Using the value 0-4 the relation between 
supposed that small cracks present in the material acted as stress strength and grain size is shown in Fig. 5S. Thus an increase 
raisers and that when the applied stress reached a critical value, in grain size from Sam to 204m causes a reduction in strength 
: depending on the size of the cracks present, the metal fractured of approximately 40%. ; a a 
in in a brittle fashion. The conditions required for crack propa- In addition to acting as stress Taisers, pores in sintered 
sile gation were first studied by Griffiths*® who by postulating that materials also decrease strength by reducing the effective cross 
the a crack would grow when the increase in surface energy section resisting the applied load. By considering the changes 
ally required by the new surfaces at the crack is outweighed by in eeeeery of the contact surfaces between sintering spheres 
the release of stored elastic energy during cracking, obtained Knudsen’ has shown that an equation of the form 
the equation 1 
2yvE 
oF=(at ay) @ § 
where oF is the fracture stress, 2/ the length of the internal “oo 
crack, y the surface tension of the material and E and v veg 
Young’s modulus and Poisson’s ratio respectively. Thus for any 5 20 
one material the smaller the crack the higher the stress required > 
to propagate it. When actual values are inserted in the equation 84 
it is found that for metals the size of the pre-existing cracks & 87 a POROSITY 
required for fracture at the stresses measured are quite large ae 
and should be easily seen under the microscope. The theory os 
3 : N (5 0 
has therefore been expanded to explain the formation of cracks ‘a 
‘ Pi . 2 } a 
under stress by the “ pile-up” of dislocations at grain bound- = 
aries or other obstacles. The stress required to give dislocation bo 50 
pile-up is given by the equation s 
o=0,+ Kd-* (2) Me 40 
where o, is a constant defined as the friction stress on an ° 
unpinned dislocation, K is a constant and d the grain dia- oe 
meter.4!_ In the brittle range for metals once pile-up takes sed 5 10 15 20 





Place the applied stress is sufficient to cause fracture so that o 
is also a measure of. the fracture stress. In normal poly- 
crystalline ceramics such sophistication would appear unneces- 
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Fig. 5.—Effects of porosity and grain size on the strength of 
ceramic materials. 














TABLE 2 
MODULUS OF RUPTURE 




















25°C 400°C |1000°C | 1 300°C 
BeO oi e .. | 25000 6 200* (29) (43) 
MgO res eae -. | 26900 22 100 11 500 (44) 
Al.O:... es 36 000 33 000 (10) 
ZrO: (stabilized) 25 600 17 000 13 100 (44) 
SiO: (fused) .. 15 500 | 15 500 (45) 
MgO . Al:O; : 12 300 10 900 (45) 
3AI0;3.2SiO: .. 12 000 | 10000 7 000 (45) 
Sm:0; : > 2 000 (19) 
Gd:0; 2 800 (19) 
Tho: : 29 800 28 900 (42) 
UO: =. ee .. | 25000 32 000 (22) 
C graphite Se as 2 400 2 400 3 200 (46) 
(1 600°C) 
Nuclear (Tested at right angles to extrusion direction 
approx. 20% weaker) 
C graphite se se 3 300 3 300 | 4000 (26) 
(1 600°C) 
Structural (Tested at right angles to extrusion direction 


; approx. 20% weaker) 
SiC (Si impregnated). . 


24 000 25 000 18 000 (28) 
(1 500°C) 
SiC (hot pressed) 54 000 66 000 69 000 (47) 
(1 500°C) 
TiC (hot pressed 110 000 (48) 
Tic (20% CO) .. 160 000 118 000 (49) 
SisN. ee e 22 000 28 600 (50) 
(density 78% theoretical) 
B.N. se 5 oe 15900; 14000 |; 2180 | (32) 
(Tested at right angles to pressing direction 
ers aon weaker) 











uc =. ais Le ion | 2! | (51) 





o=0,—pb (5) 
would be expected, where o is the strength of material con- 
taining a fractional porosity P, o is the strength of fully dense 
material and b is a constant. 

Available experimental data does actually follow an equation 
of the above form, the value of b varying between 4 and 9 
for different materials probably depending on the geometry 
of the initial particles. Using the value 6 the relationship 
between strength and porosity is plotted in Fig. 5. Thus 
an increase in porosity from 1 to 5% gives an approximate 
20% decrease in strength. 

The two curves shown in Fig. 5 convincingly illustrate the 
major effect both porosity and grain size have on the strength 
of ceramic materials. While most of the modulus of rupture 
measurements quoted in the literature are on material of 
known porosity the lack of any reference to grain size precludes 
drawing conclusions regarding the effect of crystal structure 
on mechanical strength. 


Values of the Modulus of Rupture 


Numerical values of the modulus of rupture are shown in 
Table 2. Where measurements were made on material of less 
than theoretical density the results were corrected by the 
relationship shown in Fig. 5. For oxides there is little 
decrease in strength between room temperature and 1 000°C 
whereas for carbides there is sometimes a slight increase. The 
strength of graphite usually shows little change up to approxi- 
mately 1500°C between which temperature and 2 400°C it 
rises to a value approximately 50% higher than the room 
temperature value. The increase may be due to the develop- 
ment of some plasticity and the relief of internal stresses. 


Elasticity 


The cohesion of ionic crystals is accounted for almost entirely 
by the electrostatic attraction between the ions and the modulus 
of elasticity can be calculated accurately for simple materials 
such as NaCl, MgO, etc., by the variation of this electrostatic 
attraction with increasing distance of separation between the 
ions. The variation in modulus of elasticity with temperature 
can also be accounted for by thermal expansion. This increases 
the mean distance between the ions, reduces the electrostatic 
attraction and therefore reduces the modulus of elasticity. The 
variation of Young’s modulus with porosity has been investi- 
gated theoretically by McKenzie>? and the derived equation 
found to agree well with experiment by Coble and Kingery.!? 
The relationship between elastic modulus and porosity is shown 
in Fig. 6. The relationship also applies to the rigidity modulus 
(G) i.e., the elastic modulus measured in shear. 
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Fig. 6.—Effect of porosity on the modulus of elasticity of 
materials. 


Values of Young’s Modulus 


Numerical values of Young’s modulus (E) are given in 
Table 3. These have been corrected to zero porosity by the 
relation shown in Fig. 6. In general the values decrease 
linearly with temperature up to approximately 1000°C and 
then decrease more rapidly. Single crystal alumina shows a 
linear decrease up to 1600°C, the highest temperature of 
measurement, whereas polycrystalline alumina decreases more 
rapidly above 950°C. This is taken as being evidence of grain 
boundary slip in polycrystalline alumina at these temperatures. 

Also shown are some values of the rigidity modulus (G) and 
of Poisson’s ratio »=E/2G—1. The latter is usually, for 
ceramic materials, approximately 0-3 up to 1000°C and 
thereafter increases towards the value for liquids (0-5). 






































TABLE 3 
Modulus of Elasticity x 10~* Ib/in? 
25°C 300°C | 800°C | 1 000°C | 1 200°C 
BeO .. ss oe 49:5 48:0 44-0 40:7 25:8 (53) 
MgO .. a i 45:0 42:4 38:5 36:9 35-2 (54) 
Al2O: (single crystal) 52:4 51-6 45-4 43:7 42:0 (54) 
AlzOs; (poly crystal) 52:7 50-4 45-0 43-0 40-0 (54) 
ZrO: (stabilized) .. 276 24-9 22:3 21-6 19-6 (54) 
SiO: (fused) ey 10-6 10-9 11:7 _ — (55) 
3Al.0: . 2SiO: es 27:3 26:7 25:7 — — (54) 
MgO . Al:O; a 23-0 22:0 2:13 20-5 a (54) 
Tho: .. ee aa 35:0 34:0 31-0 29-3 — (54) 
uo: .. sis xe 31-0 29-6 27-9 a — (56) 
UO2.16 ee ee 20:0 _ _ _ _ (57) 
C graphite .. 3 1:5 1-55 1-62 1-65 1-73 (25) 
Nuclear... is 0:73 0-75 0-78 0-80 0-83 _ 
C graphite .. ag 1-84 _ — 2:02 — (26) 
Structural.. a 0-76 — a 0-84 — — 
sic = impreg- 561 55:0 53-8 52:8 51-4 (54) 
nat 
TiC (hot pressed) .. 45-0 43-0 39-0 37°5 36:0 (58) 
TiC (10% Nickel) .. 58-1 55-1 52:2 50-4 _ (54) 
SisN. (69%  theo- 8-8 _ — 8-8 oe (50) 
retical density) 
. mat 12-4 8-5 15 os — (32) 
(approx. 30% of the above values when tested 
at right angles to pressing direction) 
UC .. a ar 31°5 | a | a — | (33) 
Values of the modulus of rigidity (G) and Poissons ratio (1) 
BeO .. G 18:5 — a _ — — (59) 
iL 0-34 = _ _ —_ —_ 
MgO G 17-5 — — — —_ — (60) 
u 0-29 _ —_ — — — 
Al:Os;.. G 20-6 20-1 — 17:2 16-1 143 (10) 
0-27 0-28 oa 0-32 0:36 0:47 
ThO:.. G 13-5 13-0 a 12:3 11-9 11-4 (21) 
u 0-28 0-28 a 0-28 0-28 0:29 
UO... G 12:0 — _ — — _ 
u 0-29 — — —_— _ — 
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GE’s 
Superheat Reactor 


ORK starts in July on the construction 

of a 15 MW(th) superheat reactor at 
General Electric’s Vallecitos nuclear research 
centre in California. Due to be completed 
in mid-1962, it is being built as part of a 
programme sponsored by Empire States 
Atomic Development Associates (ESADA) 
for the development of a 300-500 MW(e) 
power station for New York State. 

The reactor will be light water moderated 
and cooled by a combination of boiling 
moderator and forced convection cooling 
with saturated steam. Initially the reactor 
will use steam obtained either from a gas- 
fired boiler or the Vallecitos BWR, or a 
combination of the two. Later, however, 
it is planned to convert the reactor so that 
saturated steam is produced in one section 
of the core and superheated steam in 
another, as in the Pathfinder CRBR project 
(Nuclear Engineering, September, 1960). 

The VESR will be housed in a domed 
cylindrical steel containment building, about 
48 ft in diameter and 128 ft high, situated 
about 50 yards to the east of the VBWR. 
The reactor pressure vessel will be fabricated 
from 3-5 in thick carbon steel and internally 
clad with 4 in stainless steel. 

Rated thermal output of the core will be 
40 500 00 Btu/h, with a power density of 





Artist’s impression of the Vallecitos installation on completion of the superheat 


reactor (on the right). 


The VBWR (on the left) has recently been restarted 


following changes made in the control rod drives (see «« World Digest”). 


8-07 kW/1 of total core volume. Core inlet 
temperature will be 542°F and _ pressure 
960 psi; core exit temperature, 810°F and 
pressure, 910 psi. 

Steam for cooling will be obtained initially 
from a_ gas fired boiler producing 
150 000 Ib/h of saturated steam at 1 000 psi. 

The saturated steam will be admitted to 
the top of the reactor vessel and will there 


mix with a small amount of saturated steam 
rising from the boiling moderator. The 
steam will then flow down the outer annulus 
of each process tube containing the fuel 
elements and then pass upward through the 
inner annulus. It will then be collected in 
an external pipeheader and directed to a 
dump condenser, the VBWR turbine and/or 
the VBWR condenser. 
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A Résumé of Principal Articles 


Expériences avec une source de neutrons 

pulses. (230) 

Les expériences exponentielles ont contribué 
pour une bonne part a l'étude des systéme de 
réacteurs. Elles utilisent une source de 
neutrons constante qui peut étre alimentée soit 
par un radioisotope, soit par un accélérateur de 
particules. Alors quun isotope peut étre 
considéré comme une source statique, un 
accélérateur permet d’obtenir une source pulsée. 
On obtient ainsi un régime périodique dans le 
réseau. En outre, une quantité considérable de 
renseignements peut étre obtenue en étudiant 
des systémes plus petits que ceux qui seraient 
nécessaires avec une source statique. Enfin, 
comme outil de recherche, l’accélérateur permet 
un programme expérimental beaucoup plus 
élastique. Dans larticle, les équations décri- 
vant les fonctions périodiques sont dérivées; un 
compte-rendu. des recherches effectuées a 
luniversité de Birmingham sur les systémes 
modérés a l'eau est également donné. 


Les Projets Rolls-Royce de _ réacteurs 

réfrigérés & la vapeur. (234) 

Il ya deux ans a la suite d’une appel d’offres 
du Ministére des transports, Rolls-Royce fut 
lune des compagnies anglaises qui remirent des 
projets de réacteurs adaptés a la propulsion des 
navires. Bien que le Ministére n’ait pas signé de 
marché, dans la période qui a suivi, les bureaux 
d’étude de Rolls-Royce ont considérablement 
amélioré V'avant-projet primitif, sans changer 
les principales caractéristiques de celui-ci. 

Pour Vessentiel, le réacteur proposé par 
Rolls-Royce (SCHWR), est basé sur des 
techniques éprouvées: eau lourde comme 
modeérateur, maintenue a basse température et 
contenue dans un caisson en métal léger; com- 
bustible constitué par de loxyde d’uranium 
gainé d’acier inoxydable; vapeur surchauffée 
séche comme réfrigérant; tubes sous pression 
de métal léger maintenus a basse température. 
Parmi les caractéristiques intéressantes du 
projet Rolls-Royce, il faut mentionner le soin 
avec lequel le bureau d’ étude a évité l'utilisation 
de matériaux ou de dispositions qui, en raison 
de leur complication risqueraient d’accroitre le 
prix de Vinstallation. En particulier, on a 
écarté tout systéme de contréle purement 
mécanique; le réacteur ne comporte pas de 
parties mobiles; on a évité les tolérances trop 
strictes de fagon a ne pas compliquer la fabrica- 
tion; les matériaux peu courants, ou spéciaux 
tels que l’acier inoxydable dans le circuit de 
refroidissement, les systémes de_ contréle 
utilisant des instruments nucléoniques et les 
réfrigérants spéciaux ne sont pas employés. 
Rolls-Royce pense que son systéme bien qu'il 
ne soit pas compétitif, pour le moment, pour la 
propulsion d’un pétrolier, conviendra a des 
turbine a vapeur modernes. 


Les céramiques—Expansion 
propriétés mécaniques. (253) 
Dans le premiére de cet article, nous avons 

donné les points de fusion, densités, absorptions 
des neutrons thermiques et les conductibilités 
thermiques des différentes céramiques qui 
semblent intéressantes pour la construction des 
réacteurs. En particulier, les facteurs variés 
influengant la conductibilité des matériaux 
céramiques et les fagons possibles permettant de 
l’améliorer ont été discutées. La seconde partie 
de Varticle du présent numéro considére 
l’expansion thermique et les propriétés mécan- 
iques des céramiques. 


thermique et 


Experimente mit einer pulsierenden Neutron- 

quelle. (230) 

Eine grosse Menge Arbeit ist auf exponen- 
tielle Verbindungen beim Studium von Reaktor- 
Systemen verwendet worden, wobei man eine 
stationdre Neutronenquelle  benutzt hat. 
Solche eine Quelle von Neutronen kann von 
einem Radioisotop oder von einem Besch- 
leuniger gebildet werden. Wahrend das Isotop 
als stationdre Quelle angesehen werden muss, 
gestattet ein Beschleuniger die Erzeugung 
einer pulsierenden Neutronenquelle und somit 
die Herstellung eines zeitabhdngigen Systems 
im Gitter. 

Im_ vorliegenden  Aufsatz werden die 
Gleichungen die die zeitabhdngigen Funktionen, 
beschreiben, entwickelt, und es wird ein Bericht 
gegeben, iiber die Art, wie die Forschung inbezug 
auf wassermoderierte Systeme an der Universitat 
Birmingham durchgefiihrt wird. 


Der Entwurf von Rolls-Royce fiir den SCHWR 
Reaktor. (234) 


Rolls-Royce gehéren zu einer Gruppe von 
britischen Gesellschaften, die auf eine Aufford- 
erung des Verkehrsministeriums hin Vorschlage 
zur Konstruktion eines Kern-Reaktors fiir 
Seeschiffe unterbreitet haben. Obwohl das 
Ministerium noch keinen Auftrag fiir die 
Ausfiihrung eines der Systeme erteilt hat, hat 
die mit der Entwicklung betraute Abteilung 
von Rolls-Royce die Zwischenzeit trotzdem 
benutzt, um den urspriinglichen Entwurf zu 
verbessern, ohne die Hauptgedanken des 
Vorschlags zu dndern. 

Der Rolls-Royce SCHWR_ basiert im 
wesentlichen auf wohlbekannten technologischen 
Grundlagen: a. ein schwerer Moderator bei 
niedriger Temperatur in einem Tank aus einer 
zichten Legierung; b. Uranoxyd als Brennstoff 
in einem Mantel aus rostfreiem Stahl; c. 
trockener Heissdampf als Kiihlmittel; und d. 
kalte Druckrohre aus einer leichten Legierung. 
Eines der Punkte von Interesse bei dem 
Vorschlag von Rolls-Royce ist die Miihe, die 
die Abteilung sich gegeben hat, irgendwelche 
Systeme oder Einrichtungen zu vermeiden, die 
wegen ihrer Kompliziertheit die Kosten der 
Anlage erhéhen kénnten. Die Hauptsachen, 
die vermieden worden sind, sind mechanische 
Kontrollvorrichtungen; bewegliche Teile im 
Reaktor; genau einzuhaltende Absténde im 
Innern des Reaktors, die Praezisionsbearbeitung 
erfordern wiirden; ungewéhnliche Metaile; 
Spezialmaterialien wie rostfreier Stahl im 
Kiihlmittelumlauf; Kontrollsysteme, die mit 
Strahlungs-Messgerdten und besonderen Kiihl- 
mitteln arbeiten. 


Keramische Materialien—WArmeexpansion und 
mechanische Eigenschaften. (253) 


Der erste Teil dieses in zwei Teile zerfallenden 
Artikels brachte eine Liste der Schmelzpunkte, 
der Zahlen fiir die Dichte, der Absorbierung 
thermischer Neutronen, ihrer Querschnitte 
und die Warmeleitfahigkeit-Zahlen fiir die 
verschiedenen keramischen Materialien, die 
als von Interesse fiir den Reaktor-Konstruktor 
erachtet werden.  Insbesondere wurden die 
verschiedenen Faktoren, die die Warmeleit- 
fahigkeit keramischer Materialien und die 
verschiedenen Wege, auf denen man die 
Warmeleitfahigkeit der keramischen Material- 
ien vergréssern kénnte, diskutiert. Der zweite 
Teil des Artikels, der in diesem Heft erscheint, 
behandelt die Wédrme-Expansion und die 
mechanischen Eigenschaften der keramischen 
Materialien. 





fomento ha_ mejorado 


Experimentos con una Fuente Pulsada de 
Neutrones. (230) 


Se ha hecho una considerable cantidad de 
trabajo sobre conjuntos exponenciales en el 
estudio de sistemas de reactores, empleando 
una fuente estatica de neutrones. Una fuente 
de neutrones tal como ésta puede ser derivada 
de un radioisotopo o de un _ acelerador. 
Mientras que el isotopo tiene que ser considerada 
como una fuente estatica, un acelerador 
permite que sea producida una fuente pulsada 
de neutrones y de alli que se establezca en la 
red un sistema dependiente del tiempo. 
Ademds, una considerable cantidad més de 
informacion puede ser conseguida con estudiar 
sistemas mds pequefios que con una fuente 
estdtica y, como un instrumento de investigacion, 
el acelerador ofrece una flexibilidad mucho mas 
programa experimental. En este articulo, las 
ecuaciones describiendo las funciones depen- 
dientes del tiempo son desarrolladas, y se da 
cuenta de un tipo de investigacién que se esta 
llevando a cabo en la Universidad de Birmingham 
sobre sistemas moderados al agua. 


Las propuestas Rolls-Royce SCHWR. (234) 


En respuestas a una invitacién hecha por el 
Ministerio de Transporte Britdnica hace dos 
anos, Rolls-Royce figuraron entre un grupo 
de compajiias britanicas que sometieron pro- 
puestos para un reactor nuclear marino. 
Aunque el Ministerio todavia no ha pasado un 
pedido por uno de estos sistemas, en el periodo 
que ha intervenido un grupo Rolls-Royce de 
el disefio original 
considerablemente, sin cambier los elementos 
esenciales de la propuesta. 

Esencial, el Rolls-Royce SCHWR_ esta 
basado en tecnologia bien conocida: a. 
moderador pesado de baja temperatura conten- 
ido en un tanque de aleacién ligera; b. 
combustible de éxido de uranio enfundado en 
acero inoxidable; c. vapor seco supercalentado 
como enfriante; y d. tubos de presioén frios de 
aleacién ligera. Una de las _ interesantes 
caracteristicas con respecto a la propuesta de 
Rolls-Royce es la molestia que se ha tomado 
el grupo para evitar el uso de cualesquier 
sistemas o dispositivos que, en virtud de su 
complexidad, aumentarian el costo de la 
planta. Los elementos principales que se han 
omitado son los dispositivos mecdnicos de 
control; piezas movientes en el reactor; 
espacios libres exactos dentro del reactor que 
exigen mecanizado de precisién; metales poco 
comunes; materiales especiales, tales como 
acero inoxidable en el circuito del enfriante; 
sistemas de control mandados por instrumentos 
nucle6nicos y enfriantes especiales. 


Ceramica—Propiedades Mecanicas y de Ex- 

pansion Térmica. (253) 

La primera parte de este articulo en dos 
partes ofrecia lista de los puntos de fusion, 
densidades, absorcidén de neutrones térmicos 
y las conductividades de los varios productos 
cerdmicos considerados como siendo de interés 
para los disenadores de reactores. Particular- 
mente, los diversos factores determinando la 
conductividad térmica de materiales cerdmicos 
y las posibles formas en que la conductividad 
térmica de ellos podria ser aumentada fueron 
discutidos. La segunda parte del articulo en 
este numero trata de las propiedades mecdanicas 
y la expansidn térmica de materiales cerdmicos. 
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Personal 


Appointments—U.K. 


Sir Harold Roxbee Cox, chairman of the 
Metal Box Company, as chairman of DSIR. 
The appointment is for five years. Before 
joining industry in 1954 Sir John was for 
six years chief scientist of the Ministry of 
Fue! and Power. 


Sir Toby Low, M.P., as vice-chairman of 
General Electric, and Lord Coleraine, APC 
chairman, as a director. Mr. M. Sobeli 
and Mr. A. Weinstock have also joined the 
board. 


Mr. L. Rotherham, member for research 
of the CEGB, as chairman of the British 
Electrical and Allied Industries Research 
Association for the year 1961-62. 


Mr. J. Bell, formerly a deputy director 
and manager of the General Electric 
Wembley Research Laboratories, now known 
as the Hirst Research Centre, as managing 
director of M-O Valve, a GEC subsidiary. 
He succeeds Mr. G. A. N. Marriott, who 
has retired. 


Mr. H. T. Chapman, deputy chairman of 
Bristol Siddeley Engines, as chief executive 
of Hawker Siddeley Industries. He remains 
a director of Bristol Siddeley. 


Mr. N. Clark, secretary of Brookhirst 
Igranic, as a director; also to the board, 
Mr. H. Rothwell, chief development engin- 
eer, who becomes works director, and 
Mr. A. E. Williams, chief applications 
engineer, who becomes chief engineer. 


Mr. O. J. Philipson and Mr. D. S. 
Robinson, to the board of the Drayton 
Regulator and Instrument Company. 


Mr. W. N. Menzies-Wilson, managing 
director of Stewarts and Lloyds of “South 
Africa, as deputy managing director of The 
Staveley Iron and Chemical Company and a 
director of The Stanton Ironworks Co. 


Mr. D. J. Cole, son of the founder and 
present chairman of E. K. Cole, to the 
board. 


Mr. H. E. Cox, as director of manufac- 
ture, AEI (Rugby), in succession to Mr. 
H. L. Satchell, who has retired. Mr. Cox 
has been with the company, formerly British 
Thomson-Houston, since 1919, 


Mr. G. F. Gribbin, as sales manager of 
the AEI X-ray department. Since 1957 he 
has been assistant manager and before that 
was manager of the technical service division 
of Newton Victor. 





Dr. W. Cartellieri. 


Dr. J. J. Thompson. 
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Sir Harold Roxbee 
Cox. 


Sir Toby Low. 


Mr. D. R. T. Kidd, of the transformer 
division of English Electric, to Cooper 
Electroheat, stress relieving specialists, of 
Southport. 


Mr. J. C. Childs, methods engineer with 
Sheepbridge Alloy Castings, as works 
manager of Sheepbridge Stokes, 


Mr. A. B. Miles, chief draughtsman with 
Darchem Engineering, a member of the 
Darlington Chemicals Group, as_ chief 
engineer. 


Lord Chandos, chairman of AEI, Lord 
Nelson, chairman of English Electric, Sir 
Vincent de Ferranti, chairman of Ferranti, 
Mr. W. K. G. Allen, chairman of W. H. 
Allen Sons and Co., and Mr. J. O. Knowles, 
a director of Metal Industries, have been 
elected Counsellors to the BEAMA Council. 
The office of Counsellor is newly created and 
is open to past presidents and chairmen of 
the association. It is intended that they 
will be available to give advice and guidance 
to the president and chairman. 


Mr. Paul Gotley, works manager of 
Electrical Remote Control, of Harlow, to 
the board. 


Mr. T. N. Morrison, of Solartron, has 
been appointed group field sales manager, 
.K. 


Mr. F. Murphy, technical director of 
Metal Economics (Seaguard), as_ senior 
cathodic protection engineer to Metal and 
Pipeline Endurance, 


Mr. L. Walker, formerly with Scottish 
Aviation, as chief inspector for The Plessey 
Group. 


Overseas 


Dr. Wolfgang Cartellieri, secretary of the 
West German Ministry of Atomic Affairs, 
as chairman of the board of Kernreaktorbau- 
und-Betriebs, GmbH, Karlsruhe. He _ suc- 


ceeds Professor Karl Winnacker, who has 
joined the board of Degussa. 





Mr. John S. Luce. Dr. Alvin Weinberg. 








of Keith Blackman. 
chairman and consultant to the company. 








Mr. L. Rotherham. Mr. J. Bell. 


Dr. J. J. Thompson, of the Australian 
AEC, to the foundation chair of nuclear 
engineering at New South Wales University. 
Dr. Thompson joined the AEC in 1955 
and for two years he was seconded to the 
AEE, Harwell. 


Mr. John S. Luce, head of the exploratory 
group, Oak Ridge Thermonuclear Experi- 
ment Division, as special assistant, Aerojet- 
General Nucleonics research and develop- 
ment division. He will have overall 
responsibility for Aerojet’s efforts in the field 
of plasma physics and electric propulsion 
devices. 


Dr. W. Howard Arnold, manager of the 
Westinghouse reactor physics design section, 
as director of nuclear fuel management with 
Nuclear Utility Services. Mr. Donald 
Couchman, project engineer for Shipping- 
port, has also joined the company. 


Following reorganization of Atomics 
International, six new divisions have been 
formed. With their heads, they are: compact 
systems, Dr. A. B. Martin, vice-president 
and manager; power systems, Dr. Sidney 
Siegel, vice-president and manager; research, 
Dr. H. P. Deiss, director; general develop- 
ment, Dr. Harry Pearlman, manager; 
administration, Mr. W. L. Sequeira, act- 
ing manager; and Mr. R. K. Holbrook, 
manager. 


Honours and Awards 


Dr. Alvin Weinberg, director of Oak 
Ridge, has been elected a member of the 
physics section of the U.S. National Academy 
of Sciences. 


Professor Warren Johnson, Chicago Uni- 
versity, has been awarded a U.S.AEC 
Citation for his work as chairman of the 
AEC general advisory committee from 1956 
to 1960, and as chairman of the AEC board 
of senior reviewers from 1949 to 1956. This 
is the second Citation to be awarded since 
its inception last year, the first going to 
the late Mr. Casper Ooms (Nuclear 
Engineering, February, 1961). 


Retirement 


Mr. D. S. Woodley, as managing director 
He will remain as 


Obituary 


Nuclear Engineering regret to have to 
report the death of Dr. Elda Anderson, of 
Oak Ridge, and recently appointed chair- 
man of the American Board of Health 
Physics (Nuclear Engineering, April, 1961). 
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GEC and Richardsons, Westgarth and Co., 
a member company of APC, are to pool 
their resources for the design, development 
and manufacture of heavy generating and 
industrial plant. The object is to secure an 
increase in their share of the home and 
export markets. The manufacture of plant 
covered by the agreement, steam turbines, 
turbo-alternators, blowers, compressors and 
exhausters, will be shared and initially based 
on current GEC designs. Richardsons, 
Westgarth will concentrate on the design 
of industrial power plant with the object 
of supplementing existing GEC designs and 
widening the range of plant offered. 


Sames (Great Britain), the newly formed 
subsidiary of Sames of Grenoble, in addi- 
tion to handling electrostatic paint equip- 
ment (Nuclear Engineering, May, 1961) are 
to market the French designed sub critical 
assembly Uranie II. An early version of this 
was at one time marketed by Miles Hivolt, 
who then designed their own unit (Nuclear 
Engineering, April, 1960). Uranie II will 
use fuel supplied by the CEA and it is 
understood that Sames are negotiating for a 
reduction in the present annual hire charge. 
It is possible that the CEA will supply the 
fuel free. 


The Miles Group of Companies were 
recently reconstituted following the merging 
of the aviation interests of F. G. Miles in 
the newly formed Beagle Miles Aircraft Co., 
(td. F. G. Miles Engineering is the new 
control company responsible for precision 
engineering with particular emphasis on 
remote control gear. All electronic equip- 
ment, including reactor simulator computers 
and nuclear thermal cycling equipment, is 
now handled by Miles Electronics. Miles 
Hivolt will continue with research and 
development of high voltage d.c. supplies, 
insulation testers, H.V. impulse generators, 
sub-critical reactors and 100 kV to 1000 kV 
accelerators for neutrons and particles. All 
the companies are located at Shoreham-by- 
Sea, Sussex. 


The thrust bearing of the impeller shaft of a gas 

circulator for Hunterston being cleaned prior to 

assembly of the circulator at General Electric's 

Erith Works. There will be eight circulators in 

the finished station, each of which will handle 
710 Ib/s of COz. 


Industrial Notes 
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Twin waterboxes and tube- 
plates of the main con- 
densers installed at Hinkley 
Point being coated with a 
liquid-applied synthetic 
rubber for corrosion pro- 
tection. Protective Rubber 
Coatings (Bristol), who 
pioneered the process 15 
years ago, have also under- 
taken similar work at 
Bradwell and Berkeley. 
Total value of the work 
amounts to £150000. 


Rio Tinto report that Rio Algom Mines, 
Ltd., in Canada, produced in 1960 just over 
5 000 ton of U,O, from ore of average grade 
2:39 lb/ton, and from Mary Kathleen 
Uranium, Ltd., in Australia, 600ton of 
U,O, from 3:75 lb/ton mill-head grade ore. 
This figure is very similar to that for 1959, 
but the Canadian figure is some 11% down. 
Contracts to the U.S.AEC and the U.K.AEA 
for Canadian uranium have a total value of 
about $630 million. |The establishment of 
their seven mines involved an expenditure of 
$250 million, which has now been largely 
paid off. Contracts with the U.K.AEA for 
Australian uranium are worth £A40 million, 
and have involved development expenditures 
of £A13 million, of which £A7} million was 
provided by the AEA against the security 
of the contract. 


H.R.H. Prince Philip opened on May 16 
the McFadzean Laboratory at the British 
Insulated Callender’s Cables research centre, 
Wood Lane, London, W. The laboratory, 
a six-storeyed £4 million building providing 
64 000 ft? of floor space, houses the latest 
equipment for the study of materials and 
methods for the manufacture of cables and 
electrical equipment such as_ capacitors, 
and brings together several departments 
previously scattered in different buildings. 


Alenco have bought up two Dutch com- 
panies, Ermeto Productie Maatschappij N.V. 
and P.L.W. De Ridder and Co. (Ridco). 
The first company was formed in 1948 for 
the purpose of manufacturing Ermeto fittings 
and Ridco for marketing them. The British 
Ermeto Corporation, a member of the 
Alenco group, will now be able to increase 
their sales in Holland, 


Elliott-Automation have formed a_sub- 
sidiary in Sweden—AB Elliott-Automation— 
to handle their increasing business in that 
country. 





Vickers - Armstrongs (South Marston) 
announce that the Mk. I and Mk. II Triga 
with an increased power output and core 
flux are now available. The improved ver- 
sion is capable of steady operation at 
250 kW and provides a maximum core flux 
of 10° n/cm’s. 

In order to assist in reversing the present 
downward trend in British export business 
with Sweden, the FBI and Export Council 
of Europe are sponsoring a trade fair in 
Stockholm next year from May 18-June 2. 
It is hoped also to attract businessmen from 
the other Scandinavian countries. Organiza- 


tion of the exhibition will be in the hands 
of British Overseas Fairs, a subsidiary of 
the FBI. 
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; EMI Electronics have opened showrooms 
in Manchester Square, London, W.1. 


Work has started on the building of 
Rolls-Royce’s £2 million headquarters office 
and engineering block at Derby. 


The News of the World Organization 
have bought up from the Receiver of Vactric, 
in liquidation, the whole of the issued share 
capital of Vactric (Control Equipment) and 
Vactric (Precision Tools). 


John Laing Construction have been 
awarded the Sir George Earle Trophy for 
1960 by the national industrial safety com- 
mittee of RoSPA for their “ practical and 
highly successful approach to the problem 
of accident prevention.” 


Hayward Tyler and Co. are to supply eight 
L.P. and eight H.P. glandless circulating 
pumps for the GEC—Simon Carves designed 
Tokai Mura nuclear power station. The 
value of the contract is about £50 000. 


Glenfield and Kennedy have built a new 
hydraulics laboratory at their Kilmarnock 
works, Scotland, for carrying out hydraulic 
flow tests under controlled conditions and 
for providing basic data for new develop- 
ments. The laboratory will be formally 
opened on June 8. 


Colloidal Graphite, of Sheffield, have 
changed their name to Susgra. There is 
no change in the company’s sales and manu- 
facturing policies. 


Aveley Electric have been appointed sole 
U.K. agents for the range of test and con- 
trol instruments made by Bach-Simpson, of 
Canada, under licence to Simpson Electric 
Co. (Chicago). 


Tenders have been called for construction 
work that will lead to an extensive expansion 
of the utility services at the National Reactor 


Testing Station, Idaho Falls. The work is 
expected to cost about $180 000. 
Tracerlab, of Waltham, Mass., have 


received a $334 384 contract from the Navy 
Department for the supply of 58 air particle 
monitors for use in nuclear powered vessels. 


High Voltage Engineering have recently 
received orders for the supply of 5-5 MeV 
positive ion accelerators to the Japan Atomic 
Energy Research Institute; Padua University, 
Italy; Frankfurt University, Germany; and 
the University of Laval, Canada. The orders 
total more than $2 million. 
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The Development of Fluid Fuel Reactors. 
By Dr. A. M. Weinberg. 

N spite of the problems that have been 

met in the development of the homo- 
geneous aqueous reactor Dr. Weinberg 
remains a keen protagonist. He is a great 
advocate of breeding reactors, and places 
strong emphasis on his “ burning the rocks ” 
philosophy. The basis of his thesis is that 
the development of a thermal breeding 
reactor system, capable of using thorium as 
fuel, if necessary extracted from ordinary 
granite rocks, is of equal significance to the 
CTR programme and of more importance 
than the immediate economics of power 
generation. Not that power costs are to be 
neglected, and a principal objective in the 
fluid fuel reactor development programme 
has been the achievement of a fuel cycle 
cost of the order of 1 mill/kWh. Dr. 
Weinberg believes that nuclear plants will 
always cost a minimum of $50/kW more 
than conventional plants, and unless the fuel 
cycle cost can be brought close to 1 
mill/kWh, nuclear power cannot be com- 
petitive. He believes firmly that the only 
systems capable of achieving this are the 
high temperature gas cooled and the fluid 
fuel systems; he is sceptical of the pluton- 
ium fast breeder ever achieving it. (He 
placed the value of »(U***) at a minimum of 
2:27 and suggested it may be as high as 2-29.) 


Homogeneous Aqueous Problems 

Originally the aqueous homogeneous 
reactor was considered as a plutonium con- 
verter, Operating at atmospheric pressure and 
using a slurry of U,O,, the dominant 
problem of which was considered to be the 
production of radiolytic hydrogen and 
oxygen. When consideration was given to 
operating a reactor at a high pressure, it 
was concluded that this gas production 
would not cause embarrassing nuclear 
instability and the discovery that Cutt 
ions at high temperature could effectively 
catalyse the recombination virtually elimi- 
nated the problem completely. The concen- 
trations of copper required in a_ given 
assembly are low and can now be accurately 
predicted. For example, in a UO, SO, 
solution with a power density of 50 kW/I, 
operating at a pressure of 100 atm and a 
temperature of 300°C, the presence of 
0.04 M/I of copper is sufficient to completely 
suppress the evolution of radiolytic gas. 

Attention has moved away from slurries 
to solution systems, the requirement being 
for a system which is phase stable, prefer- 
ably above 300°C. The UO,SO,—D,O 
system is phase stable up to about 300°C, 
above which a second phase, rich in uranyl 
sulphate separates out. In a_ practical 
reactor system, the presence of corrosion 
products and catalysts complicates the 
phase diagram and, at higher temperatures, 
the range of a given set of stability condi- 
tions decreases, so that maintenance of 
Phase stability is a major engineering 
problem. 

There has been a tendency to regard the 
corrosion problems in the AHR as being all 
important and although this assessment is 
misleading, the difficulties are great. Out of 
pile, both stainless steel and Zircaloy 
appeared acceptable but the influence of 
radiation was much more severe than 
expected. A formula has been developed 
which express the corrosion rate as the sum 
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of two variables according to the equation :— 
1 
corrosion rate (0-001 in/a) 
2:23 ms 
~ power(kW/1) k(T) 

where k is a constant which increases with 
temperature. Corrosion rate will then 
increase with power density and temperature, 
although for any given temperature the 
maximum rate is only approached asymp- 
totically as power density is increased. If 
the tank wall temperature can be kept below 
say 260°C, then the core walls should not 
corrode at more than 0-020in/a. There is 
some evidence (out of pile) that an all 
titanium system would give greater protection 
up to 370°C, but the effect of radiation has 
not yet been studied. There is still a great 
deal to be learnt about the blanket slurries, 
as on circulation degradation seems inevit- 
able, Present thinking leans towards the use 
of semi-static blankets comprised of thoria 
pellets, but in-pile tests are still only at an 
elementary stage. 


HRE-2 

It now seems clear that when the designs 
were frozen for HRE-2 the decision to use 
an upward flow was wrong, as debris col- 
lected on the walls of the vessel resulting 
in them becoming, in effect, fuel elements of 
undetermined composition, leading to burn- 
out of the wall. The upward flow certainly 
leads to instability, particularly at high pres- 
sures and low flows, and uranium deposits 
out. After the vessel wall had been pierced, 
experiments were conducted on a model to 
prove the theory of poor flow conditions 
and an examination then made of downward 
flow with five of the baffles removed. Means 
were then put in hand to repair the vessel 
by means of toggle plates and, after Dr. 
Weinberg’s lecture, a film was shown of the 
preparation work and the practice runs on 
a mock-up. This repair work was truly a 
tour de force, and required an ingenuity of 
the highest order as the radiation level inside 
the core tank was about 100 000 r/h and the 
only access via a 2in opening, the core 
being some 19 ft below the top of the shield. 








When HRE-2 resumed operation on 
November 2, 1960, reaching a power of 
5 MW in January this year, with a core outlet 
temperature of 260°C and a pressure of 
1 400 psi, no chemical instability was found 
under conditions which had previously led 
to loss of uranium. The turbulence in the 
system is, however, much higher, and this 
leads to greater power fluctuations within 
the reactor, which can be as high as 20% at 
5 MW with an average period of about 10s. 
These power fluctuations can be directly 
related to the flow conditions, and follow the 
movement of the “* wandering jet ”’ effect. 

In conclusion, it is believed that a homo- 
geneous reactor can be built which would 
eliminate this problem, if limited to a maxi- 
mum temperature of 300°C would be phase 
stable, and could produce power for about 
7-8 mill/kWh with a breeding ratio of 1-1. 
Should titanium be successful, and an outlet 
temperature of 350°C obtainable, the power 
costs could fall to 5-5 to 6-5 mill/kWh. 


Molten Salt Reactors 


The molten salt reactors do not have such 
low temperature limitations, and therefore 
offer the prospect of much higher thermo- 
dynamic efficiencies. Due to their original 
development under military schemes, only 
limited information has been published on 
the development work and it is easy there- 
fore to underrate the very considerable effort 
that has been devoted to them. An examina- 
tion of the free energies of formation of 
the interesting fuel fluorides shows their nega- 
tive value to be much higher than the fluor- 
ides of probable structural materials. As 
such they should be highly stable in the 
reactor. Also the phase diagrams are much 
simpler than for the homogeneous reactor, 
and in effect the inverse position holds; i.e., 
the higher the temperature the more stable 
is the liquid phase. This does introduce 
difficulties outside the reactor, as melting 
points will be far above ordinary ambient 
temperatures. 

The reconstitution of the blanket in the 
molten fluoride system is relatively simple 
as the fertile thorium is in liquid form, and 
in principle the bred uranium can_ be 
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removed as soon as it is produced by vola- 
tizing it up to UF, or by adsorbing with 
BeO. The reprocessing of the core is more 
difficult. 

To minimize mass transfer problems, as 
alloys containing chromium can lose their 
chromium to the salts by diffusion, a new 
alloy, INOR-8 with a minimum nickel con- 
tent of 67% and molybdenum, chromium, 
iron constituencies of 15-18, 6-8 and 5% 
maximum respectively, has been developed. 
The corrosion resistance of this to a lithium- 
based fuel and breeder blanket is very good. 
In pumped loops made of the material, in 
which a temperature differential of 200°F 
is maintained with a maximum temperature 
at 1 300°F, the corrosion rate as measured 
by the depth of penetration or surface 
roughening is less than 0-00025 in/a, based 
on about 150000h accumulated testing. 
Furthermore, the corrosion rate appears inde- 
pendent of radiation. Graphite also is 
untouched by salts, and it is thus possible 
to consider a graphite moderated breeder 
in which both fuel and blanket are liquid. 


ARE and MSRE 


One high temperature molten salt reactor 
experiment was the aircraft reactor experi- 
ment ARE, with the design characteristics 
shown in Table 1. This was designed specific- 


ally for aircraft work, with a _ very 
Table 1. Design Parameters of ARE 

Fuel a i - «+ ZrF«—UFs—NaF 

Moderator -. BeO 


Material of construction . Inconel 
Maximum outlet capenmnees : 650°F 
Inlet temperature es 1 210°F 
50 kW/I fuel 


Maximum power density 15 kWi/i core volume 
2600 kW 


Maximum power 


limited lifetime, and after three days’ opera- 
tion was shut down for examination. (This 
was in 1954.) At present the MSRE is being 
designed at ORNL and this has the 
characteristics shown in Table 2. It is hoped 
to have the reactor operating by late 1963 
or early 64. The core consists of a graphite 
matrix penetrated by many parallel channels. 
At present it is planned to have the graphite 
impregnated and unclad, but cladding with 
INOR-8 is considered. The fuel salt ex- 
changes its heat to a barren salt, 


Table 2. Design Parameters of MSRE 


Power (th) ; .. 10000 kw 

Fuel a se 48 «+ ow 1% UFs, 1% ThFa, 
3% ZrFs, 70% Li’F, 

23% BeF2 

Moderator r .. Graphite 

Material of construction . INOR-8 

‘Inlet temp. of fuel - Steer 

Outlet temp. of fuel .. a a F 


Melting point of fuel . 8°F 
inlet temp. of secondary coolant 1 025°F 
Outlet temp. of secondary 


coolant ° 1 100°F 
Melting point ‘of secondary 

coolant rk . 847°F 
Operating pressure <50 psi 


6% LiF, 34% BeF, with a melting point of 
847°F and the heat will be finally dissipated 
in air-cooled radiators. As the outlet tem- 
perature of the secondary coolant is 1 100°F, 
steam temperatures of 1 050°F at least should 
be achievable. The whole system is at low 
pressure (less than 50 psi) and the flow dia- 
gram is very simple, although the need for 
high-powered electrical heating destroys 
much of this fundamental simplicity. Flow 
is upwards through the reactor, but this 
is because debris formed would be lighter 
than the salt and therefore would tend to 
float—conditions opposite to those found in 
the homogeneous aqueous reactor. Although 
thorium is included in the fuel complex, in 
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the experiment its primary task is to inhibit 
the formation of NO., should oxygen get 
into the system. If the reactor is considered 
as a burner only, it is believed that a fuel 
cycle cost of 2 mill/kWh will be obtained, 
neglecting the inventory, but with breeding, 


an optimistic ratio being 1-03-1-04, consider- ~ 


ably lower than 1 mill/kWh. 

Dr. Weinberg concluded by commenting 
on the practicability of civil liquid fuel 
reactors, particularly in regard to the basic 
problem of building “ dirty” systems. He 
expressed the opinion that the generally held 
belief that the price paid in maintenance of 
a “dirty ” system overruled any advantages 
was an illusion, and that with a policy of 
complete containment which would not be 
exorbitantly expensive, the safety of such 
systems could be considered higher than was 
in fact generally acceptable today. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS 
(Steam Power Plant Group) 
Experimental Study of the Flow Conditions 
and Pressure Drop of Steam-water 
Mixtures at High Pressures in Heated 
and Unheated Tubes. By R. W. 
Haywood, G. A. Knights, G. E. 
Middleton and J. R. S. Thom. 
In the August, 1957 (p. 324) issue of 
Nuclear Engineering, a fairly full description 


June, 1961 


was given of the plant at Cambridge for 
investigation of boiler circulation theory to 
be carried out jointly by Cambridge Uni- 
versity and the Water Tube Boilermakers’ 
Association. 

This paper gives the results of the work, 
the primary object of which was to establish 
experimental data regarding the flow con- 
ditions and pressure drop of high-pressure 
steam-water mixtures in both heated and 
unheated pipes, both horizontal and vertical. 
It has long been realized that simple boiler 
circulation theory—regarding a two-phase 
mixture as behaving as a homogeneous fluid 
—was subject to errors, but hitherto there 
has been no information available on the 
‘slip ’’ or relative velocity between the two 
phases. 





U.S.AEC 


Index to the Ten-year Civilian Power 
Reactor Program (TID 8518 Series). 
(Superintendent of Documents, U.S. 
Government Printing Office, Washington 
25, D.C. $0-15.) 

An index to the series of 11 volumes which 
appeared in 1960 giving details of technical 
and economic status of the U.S. civilian 
power programme, and evaluation of a 
number of reactor concepts as they stood 
in 1959. 
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Practical Nucleonics: a course of experi- 
ments in nuclear physics, By F. J. 
Pearson, B.Sc., Ph.D., A.Inst.P., and 
R. R. Osborne, B.Sc., Dip.E., A.Inst.P. 
(208 pp., E. and F. N. Spon, Ltd., 
37s. 6d.) 

Instruction in the fundamentals of nuclear 
physics is rapidly becoming of ever-widening 
importance not only for students whose back- 
ground is in, say, the fields of chemistry or 
engineering but, in some cases, for the sixth 
form at some schools. Arranging a course 
of practical work is not always an easy task, 
even for those who have themselves had 
practical experience in the subject, so that 
the primary appeal of this book is to those 
responsible for organizing courses of instruc- 
tion, At the same time, it will be of con- 
siderable value to students themselves. 

The authors, who are, respectively, Head 
of the Department of Applied Physics at 
Lanchester College of Technology, Coventry, 
and Senior Lecturer in Physics at the City 
of Birmingham College of Advanced Tech- 
nology, have given detailed instruction for 
the performance of nearly 50 experiments 
ranging from the simpler scholarship-level 
type to those which would be suitable in a 
course for the Special B.Sc. in physics. The 
work covers a study of health physics 
(monitoring and dosimetry), electroscope 
experiments, basic principles and applica- 
tions of Geiger counting, advanced counting, 
advanced radioactivity experiments such as 
measuring the half-life of thorium emana- 
tion and photographing alpha-particle tracks, 
and electronics. Work which is not specific- 
ally nuclear is not neglected; a separate 


section is devoted to experiments on funda- 
mental physical constants, such as_ the 
determination of the velocity of light by 
Lecher’s wires, the determination of Planck’s 
constant, and Millikan’s experiment on elec- 
tronic charge. 

Throughout, the book is planned in a 
thoroughly practical manner; the experi- 
ments selected are arranged so that they can 
be completed within reasonable time. There 
are also valuable hints on the selection of 
apparatus and the general “ housekeeping ” 
so necessary for this type of laboratory. 

J.A.B.-B. 


Fast Reactors. (No. 12 of the Nuclear 
Engineering Monographs Series.) By 
R. G. Palmer, B.Sc., and A. Platt, 
B.Eng., Ph.D., A.M.I.Mech.E. (93 pp., 
Temple Press Limited, 12s. 6d.) 

Up to the present, information on fast 
reactors has mostly been confined to com- 
paratively short sections of general books 
on reactors, and occasional articles or 
papers. Here an attempt has been made to 
give an introduction to this highly specialized 
subject in an easily assimilated and inex- 
pensive form. Like its forerunners in the 
** Monographs” series, it is primarily 
intended for students, and for those whose 
activities lie outside the fast reactor field; 
it does not purport to be a textbook for 
specialists. 

The authors, both of whom are Senior 
Scientific Officers at Dounreay, commence 
with a general introduction to the particular 
problems of the fast reactor and an account 
of the programmes under way, with a brief 
comparison of the main features of each, 
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The choice of materials, including fuels, 
coolants, canning and structural problems 
are then reviewed, followed by a chapter on 
sodium technology, with its sealing and 
pumping problems. Reactor physics is 
divided into two chapters, statics and 
dynamics, the latter including an examina- 
tion of the resonant behaviour of EBR 1. 
The final chapter deals with heat transfer 
in liquid metals. As is the custom in this 
Series, a selécted bibliography is given for 
each chapter, and there is an adequate index. 


Nuclear Reactor Containment Buildings and 
Pressure Vessels. (572 pp., Butterworths 
Publications. 100s.) 

This book contains the proceedings of a 
symposium organized by the Department of 
Mechanical, Civil and Chemical Engineering 
of the Royal College of Science and Tech- 
nology, Glasgow, May 17-20, 1960. The 
aim of this symposium was to bring together 
the research worker, the stress analyst and 
the designer, The material is arranged as 
in the symposium, in five sections; the first 
deals with current practice and future trends, 
the second, design studies and methods of 
stress analysis. Shell research analysis and 
experiment are the subjects of section three, 
while section four is devoted to engineering 
design, fabrication, erection and _ testing. 
Section five, ‘‘ open topic” contributions, 
is devoted to two papers covering the 
analysis of brittle strength of a _ reactor 
vessel, and the brittle fracture behaviour of 
metal structures. Each section is complete 
with the relevant discussion and author’s 
replies. The sixth section is devoted to sum- 
maries of the proceedings under various 
headings: metallurgical; design and manu- 
facturing; research and overall development 
aspects. Authors of the 24 papers and con- 
tributors to the discussion are listed, and 
there is a comprehensive subject index. 


Reactors of the World (Second Series). Pub- 
lished in association with Nuclear 
Engineering. (Temple Press Limited. 
17s. 6d.) 

This is the second collected volume of the 
Nuclear Engineering series of pull-out draw- 
ings and data sheets of noteworthy reactors, 
the majority being in colour. The present 
volume includes PLUTO, MERLIN, Gl 
Hinkley Point, NRU, Halden, Latina, 
ZENITH, G2 (and G3), OMRE, DRAGON, 
BR3 and the N.S. Savannah. 


Management of Nuclear Materials. Edited 
by Ralph H. Lumb, and prepared under 
the auspices of the U.S.AEC’s Office of 
Technical Information. (516 pp., D. Van 
Nostrand Ltd. 124s.) 

“§S* materials (Source and Special 
nuclear materials, as they are known in the 
U.S.) provide unique problems in their con- 
trol, because of their high monetary and 
national value, and the radioactive, toxic, 
and criticality properties which may be 
associated with them. The problem may be 
more acute in the U.S. than in Britain, since 
there is, in that country, less complete 
physical control of materials within the 
hands of a central authority—even though 
that authority maintains an overall responsi- 
bility. 

It is obvious, however, that in any 
country, the strictest possible control must 
be necessary over fissile material, not only 
to prevent material going astray, but to 
ensure efficient plant operation and the 
availability of the right material at the right 
time. 

This book describes the ‘“‘SS system” in 
use in the U.S.A., and it has been prepared 
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by 26 authors, all specialists, under the 
editorship of the Director of Western New 
York Nuclear Research Centre, formerly 
vice-president of Quantum Inc. Lest it 
be thought that it is merely a text-book on 
accountancy, it should be made clear that 
it is, in effect, a text-book on nuclear 
accountancy—with all the background filled 
in. It is pointed out, very early in the book, 
that nuclear materials management requires 
a wide variety of professional skills, includ- 
ing chemistry, physics, engineering, reactor 
technology, etc., as well as accountancy, and 
a very wide range of processes is reviewed 
by specialists, commencing with the assay 
and processing of uranium ores through 
refinement, enrichment, fabrication of fuel 
elements and the recovery and processing 
of plutonium. In all cases, recycling, scrap 
recovery, and other ancillary processes are 
considered. Plutonium production by reac- 
tor operation, reprocessing of irradiated fuel, 
and material control in laboratories are also 
included. Quite apart from its avowed 
object, the book makes interesting reading 
from the ‘“ how-it’s-done”’ aspect, since a 
great deal of detail information is given on 
practically all the processes involved. 


The Birth of the Bomb, By Ronald W. 
Clark. (209 pp., Phoenix House, Ltd., 
10-13 Bedford Street, London, W.C.2. 
16s.) 


In many ways, this title is an unfortunate 
one. Chosen, presumably, for popular 
appeal, it had the effect—in this particular 
instance, anyway—of engendering a feeling 
of prejudice before the book was opened. 
Nevertheless, it is all too easy to forget that, 
even if we whose interests lie in nuclear 
energy tend to regard the weapons workers 
as the black sheep of the family, they share 
with us a common ancestry, and it is with 
this ancestry that the book deals, 

It is, in fact, a history of the early days 
of work on the nucleus, covering the period 
trom the first steps by Rutherford and Bohr, 
to the disbanding of the ‘“ Tube Alloys ” 
organization and, in our opinion, a remark- 
able piece of research. In any industry, the 
early days are all too often obscured by the 
necessity to depend on third- or fourth-hand 
sources of information; here we have a 
history written while many of the partici- 
pants are still alive to give first-hand 
information. 

Furthermore, it is history—not propa- 
ganda. Here there is no attempt to claim 
for any group, or nation, an unfair share of 
scientific kudos. The author has striven 
throughout for accuracy, coupled with 
interest—the tale of the heavy water 
smuggled all the way from Norway through 
England to France, and back again to 
England in 1940, is a good example and has 
given us a history which lives. N.E.T.S. 


Directory of Nuclear Reactors. Vol. III. 
Research, Test and Experimental Reac- 
tors (Supplement to Vol. II.) (356 pp., 
The International Atomic Energy 
Agency. 24s.) 


This, like its forerunners, is a valuable 
work of reference, It is a supplement to 
Vol. II, originally published in November, 
1959, and contains particulars of nearly 100 
additional research reactors. As in previous 
cases, classification is by moderator type. 
Those who are familiar with the previous 
publications will not need reminding of the 
wide range of information published on each 
reactor. 
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The Avo International Transistor Data 
Manual, Edited by C. E. Bull. (Avo, 
Ltd., Avocet House, 92 Vauxhall Bridge 
Road, London, S.W.1. 35s.) 

Tabulated data on some 3 000 transistors, 
including prototypes, current production and 
obsolescent units, from 90 manufacturers, 
including U.S., European, Eastern European, 

Australian and Japanese companies. 

Information is also given on transistors hav- 

ing Services Common Valve specifications. 
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Patents Reviewed 


These abstracts have been made from British Patent Specificati I 





copies of which can be 


rt 


obtained from the Patent Office, 25 Southampton Street, London, W.C.2, at 3s. 6d. each (including postage). 


B.P, 847,843. Engineering test nuclear 
reactor. To: U.S. Atomic Energy Com- 
mission (U.S.A.). 

The core within the pressure vessel has a 
relatively large opening in the fuel assem- 
blies suitably covering at least one-sixteenth 
of the total cross-sectional core area; this 
opening extends right through the centre 
of the core to serve as a high-volume, high 
fast-flux test facility. 


B.P. 847,847. Fuel-breeder element for a 
nuclear reactor, To: U.S. Atomic 
Energy Commission (U.S.A.). 

A container with a central core of 
thorium and an enriched uranium-bismuth 
solution between the core and the container 
walls. 


B.P, 847,945, Nuclear reactor moderator 
structures, W. Rodwell. To: U.K. 
Atomic Energy Authority. 

The conventional moderator and reflector 
structure comprises a stack of prismatic 
blocks in layers, the blocks suitably spaced 
to allow for growth. Such a structure is not 
stable and in addition exposed to the internal 
pressure of the coolant. If used in a ship 
there arise further forces through accelera- 
tion in various directions. A restraint band 
resists these forces including a series of 
pivoted shoes and bearings on the inner wall 
of the containment vessel evenly spaced and 
so arranged that rotation in one sense urges 
the shoes against the moderator-reflector 
structure. The shoes are held by spring 
means against the structure. Parallelogram 
linkages connect the shoes. 


B.P, 847,984, Heat exchanger. M. Veron, 
Soc. Francaise des Construction Bab- 
cock and Wilcox (France). 

Use of a fluid (phosphorus pentachloride) 
in a closed circutt which undergoes a revers- 
ible reaction under homogeneous or heter- 
ogeneous phase conditions, endothermic 
during heating in contact with hot surfaces, 
exothermic during cooling in contact with 
cold surfaces, allows a considerabe reduction 
in the heat-exchanging surfaces. 


’ B.P, 848,075, Control means for effecting 
controlled movement of a member in an 
enclosed space. J. Britt. To: Rolls- 
Royce, Ltd. 

A soft iron part is moved in an enclosed 
space by a (horse-shoe) magnet, arranged 
externally and adjusted by a rack and pinion 
device. The movement of the soft iron part 
controls a valve for setting a fluid- (sodium-) 
operated ram to adjust the control rod 
position. 


B.P. 848,378. Conductive fluid pump. To: 
Minneapolis-Honeywell Regulator Co. 
(U.S.A.). 

Present methods of construction of electro- 
magnetic pumps for liquid metals lead to 
difficulties with decreasing size of the pump- 
ing channel (0-008 inx0-04in), The diffi- 


culties can be overcome by an arrangement 
of two fluid chambers on opposite sides of 
the flat channel with flat electrodes leading 
from the chambers into the channel, the 





transverse current passing between the elec- 
trodes through the two chambers, 


B.P, 848,571. Sintering of ceramic-compacts, 
J. E. Antill, H. Lloyd. To: U.K. Atomic 
Energy Authority. 

A pre-formed compact of a ceramic 
powder and a furnace are moved relatively 
to each other so that a sintering zone of 
short length passes through the compact. 
This arrangement is particularly suitable for 
the production of rods and tubes. 


B.P. 848,572. System of conveying liquids 
or mixtures of liquids. J. Drasky. 
(Czechoslovakia.) 

An injector is used as pumping means 
for obtaining a positive flow of liquid metals 
or radio-active liquids. 


B.P. 849,123. Joints, for example, for pipes. 
H. Chilton. To: U.K. Atomic Energy 
Authority. 

Graphite (pipes) and steel (bolts) have 
different coefficients of expansion. To 
provide a tight joint the clamping pressure 
should be applied in the contact plane of the 
surfaces to be clamped. 


B.P. 849,143, High-temperature apparatus. 
N. Battle. To: Rolls-Royce, Ltd. 

In a heavy water moderated, steam-cooled 
nuclear reactor, the heavy water is contained 
in a tank having a bank of tubes extending 
through it to receive the fuel rods. Steam 
is passed through the tubes and is super- 
heated. In order to relieve stresses due to 
the temperature differences, main headers 
are arranged on each end of the bank of 
tubes and a multiplicity of (zig-zag) header 
tubes extends transversely across the bank 
of tubes joining the main headers. Each 
header tube is associated with a correspond- 
ing series of bank tubes connected at spaced 
points and each header tube has a thermal- 
expansion bend between each adjacent pair 
of points. 


B.P, 849,225. Nuclear reactor. H. R. C. 
Pratt, J. D. Thornton. To: U.K. Atomic 
Energy Authority. 

The fuel elements are contained in tubes 
adapted at one end to entrain particles of 
liquid into a gas stream and at the other end 
to separate from the gas any liquid particles 
not vaporized during their passage through 
the tubes. 


B.P. 849,277/8. Nuclear reactor, W. R. 
Wootton. To: Babcock and Wilcox, Ltd. 
The core in the pressure vessel is movable 
from its central position to connect selec- 
tively fuel elements (control rods, etc.) to a 
common charging and discharging aperture. 
(849,277). Communication can be established 
between the pressure vessel and a_ small 
liquid-filled auxiliary pressure chamber for 
removal of fuel elements or control rods 
through the auxiliary chamber whilst isolated 
from the pressure vessel and filled with 
relatively cold liquid. 


B.P. 849,308. Nuclear reactors, B. E. Eltham. 
To: U.K. Atomic Energy Authority. 

In a high-pressure gas- (carbon dioxide) 

cooled nuclear reactor water vapour will 
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diffuse into the coolant, Although the solu- 
tion of carbon dioxide in heavy water has 
a negligible effect on the corrosion rate, e.g,, 
of aluminium, there is the effect of dissolved 
carbon dioxide on the radiolytic decomposi- 
tion of heavy water to be considered. There- 
fore the amount of dissolved carbon dioxide 
should be as low as possible. The problem 
has been solved by subjecting the liquid 
moderator to the pressure of the coolant gas 
at a coolant gas/moderator interface within 
a pipe leading from the reactor coolant gas 
circuit to a vessel containing the bulk of the 
moderator, Cooling means are provided in 
the vicinity of this interface. 


B.P. 849,484. Fuel elements for nuclear 
reactors. W. B. Hall. To: U.K. Atomic 
Energy Authority. 

Having the fuel in plate form with a 
herringbone pattern at least on one face. 


B.P, 849,511, Manufacture of microporous 
metallic tubes consisting mainly of 
nickel, To: Commissariat a 1’Energie 
Atomique. 

Very thin-walled (0-1 mm) _ rectilinear 
tubes with pores of 0-01 micron average 
radius, good surface, high permeability to 
gases and capable of resisting the corrosive 
action of, e.g., uranium hexafluoride are 
made from nickel or nickel oxide powder so 
crushed that all agglomerates are eliminated. 
The powder is coated with a binder (about 
7%) such as gum tragacanth or an alginate, 
and the paste thus obtained extruded. The 
extruded tubes are dehydrated, dried and 
sintered. 


B.P, 849,716. Apparatus for positioning 
neutron-absorbing material within a 
nuclear reactor, To: U.S. Atomic 
Energy Commission (U.S.A.), 

Arrangement of a clutch on a drum rotat- 
able in an emergency by a flat spring wound 
on the drum, The clutch is disengaged to 
effect rapid rotation of the drum in response 
to the output of a neutron detector when 
the output exceeds a predetermined level. 

The drum is otherwise operated  inde- 

pendently, the clutch then rotating with the 

drum. 


B.P. 849,958. Steam reactor system. To: 
Nuclear Development Corp. of America 
(U.S.A.). 

A closed cycle system in which the medium 
(steam produced from ordinary water or 
from heavy water) used as the reactor 
coolant and as the working fluid does not 
undergo a change of phase as it is super- 
heated in the reactor, The medium may 
undergo one or more changes of phase in 
the conversion apparatus. 


B.P. 850,014. Gas cooled power reactors. 
P. Fortescue, G. E. Lockett. To: U.K. 
Atomic Energy Authority. 

In a power reactor of the solid homo- 
geneous type core and reflector assembly is 
adapted for high temperature operation by 
having elongated core members pivoted at 
their lower ends in the pressure shell and 
urged together at their upper ends by a 
radial pressure differential of the coolant 
in its passage around the reflector and 
through the core. 


B.P. 850,015. Fuel elements for nuclear 
reactors. P. Fortescue, G. E. Lockett. 
To: U.K. Atomic Energy Authority. 

A fuel supporting rod is formed with 
annular recesses and the fuel is in the form 
of sleeves loosely contained in these recesses. 
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Leak-testing Service 


Manufacturers of equipment which has to 
meet rigid specifications against leakage, 
and who are not in a position to afford 
elaborate test equipment can now avail 
themselves of a leak detection service using 
equipment normally found only in research 
laboratories and not accessible on a com- 
mercial basis. 

Vacuum Research (Cambridge), Ltd., 
have recently installed a helium mass 
spectrometer for this purpose, and are mak- 


ing commercially available a testing service 
which will detect leaks some orders of mag- 
nitude smaller than the acceptable standards 
of the U.K.AEA. 

The instrument is a CEC 24-210B helium- 
sensitive mass spectrometer made by the 
Consolidated Electrodynamics Corporation 
of Pasadena, and is capable of detecting 1 
part of helium in 107 parts of air at 2 x 
10-4 mmHg, so that an evacuated vessel, 
connected to the spectrometer and either 







The mass spectrometer equipment installed 
by Vacuum Research (Cambridge), Ltd., for 
their commercial leak-detection service. 


enclosed in a helium atmosphere (e.g.. 
inside a polythene bag) or sprayed with 
helium over suspected areas, will give an 
instant indication of even the slightest degree 
of porosity. An alternative method, of 
course, is to fill the vessel with helium under 
pressure, and search for leaks with an 
external probe connected to the spectro- 
meter. The rate of leakage is determined 
by comparison with a calibrated leak. 
(Vacuum Research (Cambridge), Lid., 
Quayside, Bridge Street, Cambridge.) 
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Miniature Air-vacuum Pumps 


The “‘ Reciprotor,”’ manufactured in 
Denmark, is being distributed exclusively in 
the U.K. and Commonwealth by Edwards 
High Vacuum, Ltd., and appears to offer 
an acceptable solution to the problem of 
providing small quantities of air at low 
pressure, or low vacua, by means of a com- 
pact unit. 

The device consists of twin horizontally 
opposed cylinders, in which two ‘pistons 





General view of ‘‘Reciprotor’’. 


mounted on a stainless steel shaft are driven 
backwards and forwards by a system of 
permanent magnets and coils which vibrates 
at supply frequency, the length of stroke 
varying with the loads. Springs, resonating at 
supply frequency, assist in the vibration ; the 
inlet and outlet valves are also designed to 
be capable of rapid operation at the neces- 
sary speed. 

Two designs are available. The type 406/G, 
continuously rated, will give a free air dis- 
placement of 1-62 ft*/min, and will give a 
vacuum of 18in (457mm) or a maximum 
pressure of 7-8 psi. The type 606 G will give 
22inHg vacuum, 10-7 psi, and 1-77 ft*/min 
free air displacement, but is only intended 
for a 2-hour rating. The dimensions of the 
unit are 94in long by 6in high, and the 
weight is approximately 10 1b. Nylon piston 


rings are used, so that lubrication is not 
required, and the air supplied is completely 
oil-free. The electrical consumption of the 

















Sectional view of ‘Reciprotor’”’ showing 
opposed pistons and vibrating armature 
system. 


two models is low (40 and 60 W respectively) 
and a variable resistor or auto-transformer 
may be used for control purposes. 

(Edwards High Vacuum, Ltd., Manor 
Royal, Crawley, Sussex.) 
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American Pressure Switch 


Intended for either gas or hydraulic 
circuits, the Deltadyne pressure or differen- 
tial pressure switch is said to be able to 
withstand system overpressures of up to 
5000 psi. Used as_ differential pressure 
switches, their operation is independent of 
absolute system pressure—a switch set for a 


The new Pall pressure switch. 





difference of 30psi, for example, will 
operate with 30psi on the upstream side 
and zero on the downstream; it is said to 
operate equally well with 3 000 psi upstream 
and 2970 psi downstream. Adjustment 
within the range of any particular switch is 
by means of a direct-reading dial. Other 
features of design are the complete isolation 
of the electrical mechanism from the work- 
ing fluid, and a magnetic device to prevent 
dithering near the actuation point. 

(Pall Corporation, 30 Sea Cliff Avenue, 
Glen Cove, New York.) 
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Versatile Oscilloscope Cameras 

Two new oscilloscope cameras manufac- 
tured in the U.S. by the Allen B. Du Mont 
Laboratories are now available in this 
country. Both are suitable for use with 





The Du Mont type 302 oscilloscope camera. 


5 in oscilloscopes, bezel adapters being avail- 
able. The type 299 can be fitted with a 
variety of backs for recording on 120 roll or 
on cut film; the type 302 incorporates a 
Polaroid back for obtaining “ print-a- 
minute ’’ records on transparent or opaque 
film. This back can also be fitted to the 
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type 299 camera. Either an f/2°8 or f/1-9 
lens may be provided. 

(Aveley Electric, Ltd., Ayron Road, 
Aveley Industrial Estate, South Ockendon, 
Essex.) 


New Gate Valves 

“In-line” servicing, or the ability to 
maintain valves without removal from the 
pipe run, is the main feature of a new 
range of gate valves. known as the Newman- 
Velan, made in this country under licence 
from Canada. 

The design, which can be seen from the 
accompanying illustration, utilizes a one- 
piece bonnetless body which has a bolt-on 


Newman-Velan gate valve. 
1.—Removable base. 


2.—Gasket. 
3.—Guide ribs. 
4.—Wedge. 
5.—Stem. 


_ 6,—Seat ring. 
| 7.—Slot in stem. 


ta 8-—Packing. 
™ 9.—Gland. 
}.10.—yoke. 





base. acting as a service cover. This, together 
with the guide ribs, can be removed when 
required, and permits the removal of the 
wedges without disturbing the gland pack- 
ing; the seatings may also be removed and, 
if necessary, replaced. A test plug in the 
service cover provides a quick visual check 
for leakage, facilities for draining or 
flushing-out, or testing for tightness with 
compressed air. 

The valves are manufactured in a range of 
sizes from }in-2in bore, suitable for pres- 
sures up to 600 psi at 900°F. or 2 000 psi. for 
cold non-shock conditions, and are available 
for flanged. screwed, or welded connections. 
Stainless steel or other special materials may 
be supplied if required. A range of globe 
valves with interchangeable parts for stop. 
flow control. or needle valves. from 4 in-3 in 
bore, is also available. 

(Newman-Hender Group, 
Stroud, Glos.) 
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Descaling Tools 

Surface defects of all types, from light 
rusting to heavy pitting or hard scale, can 
be dealt with by a range of ‘“ Lark ” port- 


The “Lark” light-duty pneumatic 
descaling tool. 
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able tools designed to operate with wire 
brushes, flail brushes or bundles of hard 
steel star cutters. They are manufactured 
for compressed air operation in both light- 
duty and heavy-duty types, the respective 


air consumptions being 184 and 24/32 ft3/ | 


min, with air at 80-100 psi, and the respec- 
tive weights being 94 and 20]b. An 
electrically operated model is also available, 
the operating head being driven from a 0.5- 
0.9 h.p. motor by means of a 10 ft flexible 
shaft. 

(Industrial Descaling Tools, Ltd., Larks 
Works, St. Albans, Herts.) 
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Digital Voltmeter 


Optical projection, with polarity dis- 
crimination by ted or black background is 
a feature of the new Solartron LM 902:2 d.c. 
digital voltmeter. Suitable for bench or rack 
mounting, the instrument has five voltage 
ranges, and will read from 100 nV to 1-5kV, 
the impedance varying from 100 kQ) on the 





Solartron digital voltmeter. 


lowest range to 100M() on the _ highest. 
Accuracy is + 0:1% on the three lower 
ranges, and 0:5% on the two higher ones. 
If required, the instrument can be made 
insensitive to transients, within limits, by 
switching in an adjustable ‘dead zone,” 
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while long or short time constants can be 
switched in to attenuate or reject 50 c/s 
ripple components. Facilities are provided 
for feeding additional display units or print- 
out mechanisms. 

(Solartron Laboratory Instruments, Lid., 
Cox Lane, Chessington, Surrey.) 
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Low Temperature Equipment 


A self-contained cooling equipment pro- 
viding temperatures as low as —120°F is 
being marketed in the U.S., suitable for 
operation with low temperature convection 





Webber W-120 liquid cooler unit. 


fluids such as trichlorethylene, acetone, or 
methyl chloride. The capacity is 120000 
Btu/h at —100°F, and the holding accuracy 
is said to be within +0-2°F. The floor 
space required is 10 ft*, and the unit is 50 in 
high. 

(Webber Manufacturing Co., Inc., P.O. 
Box 217, Indianapolis 6, Indiana.) 


Flexible Heating Elements 


The new Electrothermal “flexible furnace” 
system is an arrangement of resistance 
elements interlocked with ceramic blocks and 
beads to provide heating units in modular 
form which, by means of standard metal 
links, can be connected to form flexible mat 


BRIEFLY ... 


K. S. Paul (Molybdenum Disulphide), Ltd., 
Angel Lodge Laboratories. Angel Road, London, 
N.18, announce the development of a new com- 
posite resin *‘improver’’ for their Moly-VI-Bond 
dry-film bonded lubricant. which increases its 
resistance to abrasion, oxidation, and chemical 
attack. B253 


A new Philips general-purpose welding electrode 
for mild steel, known as the Type 28, is announced 
by the British distributors, Research and Control 
Instruments, Ltd., Instrument House, 207 Kings 
Cross Road, London, W.C.1. Said to be practic- 
ally self-deslagging, the electrode is suitable for use 
in all positions; vertical, overhead, and inclined, 
as well as downhand. It is produced in 6, 8. 10 
and 12 SWG. B254 


Users of closed-circuit television for remote 
handling will be interested in a 3-D conversion 
kit being marketed in the U.S. by Stereotronics 
Corporation, 1717 Highland Avenue, Los Angeles 
28, California. The Stereotronics system requires 
no modification to the electronics of an existing 
system, and is entirely optical in character, con- 
sisting of a stereo lens system to fit over the 
existing camera lens, a viewing screen fitting the 
existing monitor, and polarized glasses worn by 
the operator. B255 


Fielden Electronics, Ltd., Wythenshawe. Man- 
chester, 22, have developed a temperature control 
system which will control up to 10 kW of heating 
without moving contacts, using the “ Bikini ” 
transistorized controller, operating from a 4in 
stainless steel bulb, in conjunction with a satur- 
able reactor. Two types are available, for maxi- 
mum temperatures up to 500°C or 850°C, and 





controllers are available in 73 standard ranges. 
The differential is about 0.5°C, and the controller 
may be as far as 300 ft from the measuring point. 
B256 

A new drawing paper known as Ozavel-D, is 
announced by Ozalid Co., Ltd., Langston Road, 
Loughton, Essex. Exceedingly tough and trans- 
parent, the paper has a fine tooth for pencil work 
and accepts ink easily on both sides, is crease- 
resistant and, it is claimed, will not yellow or 
brittle with age. B257 
A new Penning-type cold cathode ionization gauge 
with a range of 10-3— 10-6 mmHg, is announced by 
the Vacuum Division of The Pulsometer Engineering 
Co., Ltd., Oxford Road, Reading, Berks. B258 
The Advanced Products Company, of 59 Broad- 
way. North Haven, Connecticut, has issued a slide- 
rule chart giving dimensions of metal O-rings. 
Complete installation dimensions for any size of 
ring from 4,in to 50 in may be easily obtained 
from the nominal diameter by the use of this 
slide-rule, which also facilitates calculation of 
non-standard size rings. B259 
Marconi Instruments Limited, St. Albans. Herts, 
have developed a new ciné recording unit. 
Specifically developed for use with their 12 in 
X-ray image intensifier, the unit can easily be 
applied to any television monitor. B260 
A new range of positive ventilation units, for 
roof slope or ridge mounting, has been introduced 
by the Industrial Fan Division of W. G. Cannon 
and Sons Ltd., 38A St. George’s Drive, London, 
S.W.1. There are four basic sizes, with fan 
outputs ranging from 1900 to 9 100 ft*/min. 261 
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Electrothermal heating mat. 


elements of any desired configuration or 
loading, for such purposes as preheating, 
stress-relieving, pipe line tracing, portable or 
permanent furnaces, etc. 

Three distinct temperature ranges are 
recognized: 650°C (1 202°F), 1000°C 
(1 832°F) while, in an inert atmosphere, 
temperatures as high as 1 500°C (2 732°F) 
may be achieved. 

Standard modules for both the lower 
temperatures are manufactured in_ sizes 
ranging from 5} in 34 in to 17} inx 18} in. 
Custom-built units may also be obtained for 
particular applications. 

(Electrothermal Engineering, Ltd., 270 
Neville Road, London, E.7.) 
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McLeod Gauge 

Main feature of a new McLeod gauge 
being produced is the elimination of a 
secondary vacuum pump. The gauge is 
compact (15 in high) 
and is supplied with 
legs for bench 
mounting, which are 


N.G.N. Mcleod 
gauge. 


removable for. build- 
ing into other equip- 
ment, 

A vacuum- 
balanced piston is used to displace mercury 
into the gauge head, the balancing vacuum 
being maintained via a second leg of the 
gauge head connected to a point above the 
top level which the mercury can reach. The 
gauge head is enclosed in a metal shield with 
a Perspex front, scale adjustment being from 
outside, 

Two gauge heads and scales are available. 
and may readily be interchanged ; ranges are 
10-‘—1, and 10-"—10 mmHg, respectively 

(N.G.N. Electrical, Ltd., Accrington, 
Lancs.) 
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New Detector for Slow Neutrons 


Detection efficiencies of up to 60% for 
thermal neutrons are claimed for a new 


The new NE 421 
thermal neutron 
detector which 
uses lithium 
fluoride. 





slow neutron detector, the NE 421, which 
uses Li°F in place of B'’. The higher energy 
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of the alpha particle emitted from lithium 

after neutron capture gives a higher detec- 

tion efficiency in the scintillator—said to be 

nearly double that obtained with boron. 
(Nuclear Enterprises (G.B.) Ltd., Bankhead 

Medway, Sighthill, Edinburgh, 11.) 
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Versatile Hydraulic Units 


Hydro-Titan axial piston units are being 
marketed in this country in a wide range 
of capacities and torque ratings for a wide 
variety of applications as pumps, motors and 
variable transmission units. As can be 
seen from the illustration, the basic unit 
consists of a body with seven piston units 
operating a driving flange by ball-and-socket 
joints, Swinging the body out of line with 
the driving shaft alters the piston stroke, thus 
varying the output of a pump, or the speed, 
if used as an hydraulic motor. Standard 
housings may be of the fixed type, or 
variable by a number of means, from plain 
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manual control to electro-hydraulic servo- 
mechanisms. 

As pumps, capacities vary from 3-9 gal 
min to 2800 gal/min, with maximum 





Cutaway view of Hydro-Titan axial piston 
hydraulic unit. 


pressures ranging from 3 500 psi for the 

smaller units to 5000 psi for the larger 

sizes. Torque ratings of motors vary from 

9-5 lb-in to 54 700 Ib-in per 100 psi. 
(Keelavite Hydraulics Ltd.,  Allesley, 

Coventry.) 
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CATALOGUES 


Isotopes Inc., 123 Woodland Avenue, Westwood, 
New Jersey, have sent us a brochure describing the 
services and equipment available ranging from 
general radiochemical analysis to age determina: 
tion, low level gas counting and monitoring. 


A catalogue from Johnson Matthey and Co., Ltd., 
73 Hatton Garden, London, E.C.1, lists the new 
series of blanks in Mallory-3 alloy for seam weld- 
ing wheels. The blanks are now available in metric 
sizes. 


Vactric (Control Equipment), Ltd., Vactric House, 
Sloane Street, London, S.W.1, have issued new 
leaflets describing new types of motors and tacho- 
generators. 


Low Moor Fine Steels, Ltd., Low Moor, Brad- 
ford, Yorks, have issued a catalogue showing a 
wide variety of extruded steel sections, with com- 
plete technical details. 


A new F.H.P. motor leaflet covering a.c. and 
d.c. servo motors, tacho-generators, amplifiers, etc., 
has been issued by Evershed and Vignoles, Ltd., 
Acton Lane Works, Chiswick, London, W.4. 


** Process Control by Computer,’’ a paper pre- 
sented at the Brussels conference in 1960, is now 
available as a reprint from the De Havilland 
Aircraft Co., Ltd., Hatfield, Herts. 


An article on flame spraying steel on hard metals 
is to be found in Volume 9, Number 7 of the 
Metco News, published by Metallizing Engineering 
Co., Inc., Westbury, Long Island, New York, 
U‘S.A. 


“Commander ’’  float-operated open channel 
measuring instruments and air-operated receiving 
instruments are covered by specification sheets 
recently issued by George Kent, Ltd., Luton, Beds. 


The Thompson Project, the new nickel develop- 
ment of the Internationa] Nickel Co. of Canada, 
Ltd., at Thompson, Manitoba, is described in a 
booklet issued by the International Nickel Co., of 
Canada, Ltd., 55 Yonge Street, Toronto 1, 
Ontario, Canada. 


Publication 3101-74, from Associated Electrical 
Industries (Rugby), Ltd., Rugby, describes graduate 
training in the electronic apparatus, heavy plant, 
and motor and control gear divisions: also in the 
AEI Lamp and Lighting Co. and AEI-Birlec, Ltd. 


An abridged description of the company’s activi- 
ties is given in a leaflet received from Bristol 
Aerojet, Ltd., Banwell, Weston-super-Mare. 


Imperial Aluminium Co., Ltd., P.O. Box 216, 
Witton, Birmingham, 6, has issued a 70-page bro- 
chure giving technical data on Impalco aluminium 
and alloys. 


Rist’s Wires and Cables, Ltd., Lower Milehouse 
Lane, Newcastle, Staffs, have published a leaflet on 
pre-formed harness wiring. 


Radiovisor Parent, Ltd., Stanhope Works, High 
Path, London, S.W.19, have issued a leaflet on 
their electronic die-saver unit for press work. 


From Turner Bros. Asbestos Co., Ltd., Roch- 
dale, Lancs, comes a catalogue of asbestos textiles 
for the electrical industry. 


A publication from General Electric Receiving 
Tube Department, Owensboro, Kentucky, reviews 
the effect of radiation on various types of circuits 
and components and compares the effects on solid 
state and thermionic integrated micro module units. 
A second catalogue just released covers the theory 
and application of hydrogen thyratrons. 


A leaflet on their variphase strobe unit has been 
issued by Dawe Instruments, Ltd., Harlequin 
Avenue, Great West Road, Brentford, Middx. 


Training schemes operated by the company are 
described in a booklet issued by Ultra Electric 
(Holdings), Ltd., Western Avenue, Acton, London, 
W.3. 


Reduced prices of certain types of rectifier are 
shown on the revised price lists received from 
International Rectifier Co. (Great Britain), Ltd., 
Oxted, Surrey. 


Chemical Works Projects, Ltd. (a group com- 
prising Humphreys and Glasgow, Ltd., The Power- 
Gas Corporation, Ltd., and Simon-Carves, Ltd.), 
have issued a booklet giving brief particulars of 
the services available. 


The Darlington Forge, Ltd., Darlington, have 
issued a booklet entitled ** Profiled Rings "’ describ- 
ing the type of forged reinforcement around gas 
ducts, as described in Nuclear Engineering, April, 
1961, p. 154, 


Uddeholm, Ltd., Crown Works, Northwood 
Street, Birmingham, 3, are now issuing an English 
edition of the journal of the Swedish company, 
Uddeholmaren, which will appear annually, and 
describes briefly some of the activities of one of 
the largest companies in Sweden. 


Miniature Bearings, Ltd., 39 Parliament Street, 
Westminster, London, S.W.1, have issued a hand- 
book and catalogue of RMB miniature bearings 
manufactured by Roulements Miniatures S.A., of 
Switzerland. In addition to a complete list of 
miniature bearings, the catalogue contains charts 
and tables for bearing selection and load calcula- 
tion. 


Details of a new range of low-head cooling 
towers are given in a folder produced by Head 
Wrightson and Co., Ltd., 20/24 Old Street, London, 
E.C.1. 


A short article on the resistance of Inconel heat 
exchanger tubing to hot anhydrous HF appears in 
Number 60 of Wiggin Nickel Alloys. published by 
Henry Wiggin and Co., Ltd., Wiggin Street, 
Birmingham, 16. 


From C. A. Norgren, Ltd., Shipston-on-Stour, 
Warwicks, comes their latest price list and pressure 
regulator catalogue, together with leaflets, des- 
cribing filter regulation units and other pneumatic 
devices. 
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Orbits... 


IRST IMPRESSIONS, as everybody 
(except those holding the opposite 
view) will agree, can be misleading. Our 
first impression of the “ Engineering and 
Marine ” as its rather cumbersome title is 
usually abbreviated, was that the hand- 
rail at Olympia station hadn’t been dusted 
since the Motor Show.* Being rather 
handrail-dependent these days, we landed 
up at the Exhibition looking rather as if 
we had (to quote Dornford Yates’ 
immortal Berry) been massaging a goat 
in a coal mine. Hastily reminding our- 
selves that this was no part of the show, 
and that personal peevishness must not 
obscure judgment, we washed our little 
paw, put on our Objectivity set, and set 
out on our round of discourtesy calls, to 
get the general “feel” of the show. 


Sentimental Journey 

There is always a timeless flavour about 
Olympia, as if they had merely packed 
the last exhibition with silica gel and 
mothballs and sprayed it with protective 
plastics and then just opened it up again. 
This is not any fault of the exhibition 
organizers, but mostly due to the simple 
fact that fashions in heavy ironmongery 
do not change very rapidly—in outward 
appearance, anyway. To one who is not 
a diesel-fancier, for example, or a col- 
lector of bronze propellers and similar 
objets dart, one vintage resembles 
another in the same way as two Penny 
Reds look alike to the non-philatelic 
observer. 

However, we were content, in our 
gawping-peasant fashion, to accept this 
atmosphere as part of the background, 
like the sound-effects of hansom cabs 
outside the window of a Sherlock Holmes 
exhibition. What we were after was the 
bit referred to on the posters as “. . . and 
Nuclear Energy” . . . and our journey 
fell something short of a riotous success. 


Press on Rewardless 

By the time we had got about half-way 
round, we couldn’t help wondering why 
the nuclear energy bit had been included 
in the title. Once again, we cannot blame 
the organizers, who must have teen as 
dismayed at the half-hearted efforts as we 
were. It is not true to say that there 
were no nuclear exhibits, but it is fair 
comment to say that the majority of 
exhibitors were calling attention to their 
wares by rapping on the shop-window 
with a sponge, and the general atmosphere 
was that of a bookshop in a cathedral 
town when asked for rude postcards— 
they did have some, but they were in the 
back of the shop, and please don’t ask 
for them now, because that was the Dean 
just coming in, 

Let’s face it. The last couple of years 
have not been so frightfully happy for 
the nuclear industry. Nothing has gone 





*Don’t bother to write and tell us that the 
Motor Show hasn’t been held at Olympia since 
1936. Our comment still stands. 


quite according to plan—it never does - 


with a new industry . . . remember radio 
in the twenties? There has been a lot of 
bad luck about, too. But the way to 
success is not to try to pretend that one 
is no longer seriously in business in the 
nuclear field. Or is everybody saving 
their efforts for the next Geneva? 


Decadence 

Decimal coinage, so frequently urged 
by those who have nothing more useful 
to occupy their time, is now confidently 
predicted within a year by a self- 
appointed pundit in one of our more 
irresponsible Sunday newspapers (of 
which, Heavens knows, we have no lack). 

Since anything which upskittles an 
established order is nowadays hailed as 
Progress by the more vociferous minority 
in our midst, let us hasten to reform yet 
another of the more inefficient unitary 
systems still left as a millstone round the 
necks of us scientific blokes. We must 
have decimal Time! 

How, we ask ourselves, can we possibly 
go on using units like 60, 24, 7, 12 365- 
and-a-bit, with arbitrary things like lunar 
and calendar months, February-hath 
twenty-eight-days-clear . . . etc., if the 
units of 12 and 20 cause such a hoo-hah? 
Is it logical? Is it Scientific? Is it British? 


T.T.S. 

The Tangential Time Scale, sweeping 
away all this capitalistic-bourgeois non- 
sense, would place everything on a sound 
democratic-decimal basis. Decimal Time 
(or D.T.s for short) would use decimals 
everywhere (until it became necessary to 
use a correction factor) and would be 
simplicity itself. 

Since every system has to start some- 
where, and there appears to be some 
technical difficulty—even for the rocket- 
boys—in changing the speed of the earth's 
rotation (although someone’s bound to 
be working on it), the old-fashioned day 
will have to serve as a unit. This would 
be divided into decs, minidecs, and pips. 
instead of hours, minutes, and seconds, 
while everything else would be in multi- 
ples of days. A suggested table is given. 


100 pios=1 minidec 

100 minidecs=1 dec 

10 decs=1 day 

10 days=1 stretch 

10 stretches or 100 days=1 creep 


After this last unit, equivalent to 100 
old days, we might run into difficulties, 
and if we wished to stick to the old 
arbitrary unit of the year, we should have 
to use a factor of 3.65 to transform creeps 
into years. Still, this wouldn’t be any 
worse than the 47 that is an inescapable 
part of electrostatic calculations. 

Well, there it is, and a godsend to 
publishers of calendars and astronomical 
tables. The old month has disappeared, 
so that those paid on monthly salaries 
would have to be paid at arbitrary (and 
irregular) intervals of days or stretches. 
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This, of course, would be fun for cashiers 
and wages clerks. But if they’re to have 
decimal coinage, they might as well have 
the lot at once. Workers of the world, 
unite for D.T.s! You have nothing to lose 
but your brains!! 


Acknowledgement—and Disclaimer 

It is always gratifying to feel that one’s 
efforts are recognized, and we accept the 
tribute of the Firth-Cleveland Tangential 
Fan with the same modest pride that Mr, 
Monte Carlo must have felt when he 
discovered that he had given his name to. 
flux calculations. It is a little puzzling to 
discover that its main characteristic is not 
“churning air around and making a lot 
of noise...” Non-turbulent activity is 
not exactly our long suit, although the 
shifting of large quantities of hot air is 
right up our street. However, we heartily 
endorse the remarks made by Solartron’s 
Director of Production:— 

‘“‘ Fan heaters are but the start of a 
family of new concepts made possible 
by the Tangential principle.” 

He, to put the matter in a nutshell, is 
Telling Us. 


Blighted Bivalves 

Bradwell, the Ministry of Power, the 
Ministry of Agriculture, Fisheries and 
Food, and the CEGB all came under fire 
in the House the other day when Mr. 
Tom Driberg attacked practically every- 
body in sight about the poisoning of 
oysters by radioactive effluent which, he 
seemed convinced, would be poured out 
in large quantities. Boiled down (and it 
takes a bit of doing) his charges amounted 
to the expenditure of £58M to ruin the 
estuary for benefits which might prove 
illusory, gross breach of faith by the 
CEGB (under its previous alias of CEA) 
in promising that there would be nothing 
more than hot chlorinated water dis- 
charged, and a firm conviction that the 
oysters would be harmed. Normally we 
keep our little nose out of politics, but a 
perusal of Hansard convinced us that the 
matter was worthy of The Treatment.... 


Since Roman to Camulodunum came, 

And Ostrea found favour as a food, 

Two thousand years the oysters have found fame 
With Blackwater and Colne their habitude; 

But now fresh dangers dog this sanctitude 
And fission products threaten to attaint 

Their waters—Never fear! for we include 

Tom Driberg as the oyster’s patron saint. 


The wicked CEA—to lasting shame— 

Conceal the deadly facts—when interviewed 

** Hot chlorinated only’’ . . . they proclaim 

And ... ‘* Not to worry!’ . . . is their attitude; 

But now, the claim is slightly more subdued 

Is, merely ‘should be no cause for 
complaint’’ .. . 

‘* Gross breach of faith ’’ such mortal turpitude 

Confounds our Tom (the oyster’s patron saint). 


With indignation burning as a flame 

The Bradwell scheme’s attacked and dimly viewed-- 
Nigh sixty million smackers—to defame 

This estuary, and its quietude; 

And strontium . . . etcetera to exude 

In quantities not subject to restraint 

i . Poor blighted bivalve, fission-residued . . - 
(Tom Driberg is the oyster’s patron saint). 


L’Envoi 

Prince! . . . None can say this 
Member is subdued 

And oyster-like .. . 
he ain’t... 

Yet mollusc millions 
gratitude, 

Tom Driberg as the oyster’s patron 
saint. 


is simply what 


cheer, in 





itude; 





